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Executive summary 
The North Eastern Agricultural region (NEAR) strategy is a long-term plan to increase drought 
preparedness and resilience of farm businesses in the region. Following the dry seasons of 2006 
and 2007, the Minister for Agriculture and Food requested a ‘long-term strategy for the 
management of issues farmers face in the event of consecutive bad years’. To meet the objectives 
of the strategy, the Department of Agriculture and Food, Western Australia worked closely with the 
rural communities of the region to develop a number of projects. 
One of these projects explored options for changing land use on soils that are becoming 
increasingly unproductive. These soils have physical and chemical limitations such as shallow 
depth, acid subsoil or poor water-holding capacity that are rendering them increasingly 
uneconomic to farm in a drying climate.  
Through this project, the characteristics and extent of unproductive soils in the NEAR were 
defined. Current management options were investigated and an economic analysis was 
undertaken. Suitable land-use options and research gaps were also examined. Through this report, 
the project will provide government and the industry with policy recommendations on future 
management options and potential research and development opportunities. 
Key findings 
 A survey of more than 10% of all farm businesses in the NEAR found an average of 8% of 
cleared farming land was classified by farmers as consistently unproductive (Section 4.1). 
 If the predicted trend towards a drier climate continues, an additional 36% of soils in the region 
are estimated to become unproductive (Section 2.3). 
 Soil types that farmers classed as consistently unproductive varied throughout the region. In 
eastern districts, farmers identified salt-affected and deep acid sandplain soils as unproductive 
while in the north-western districts they identified pale deep sands and shallow sands over 
gravel or rock as unproductive (Section 2.3). 
 About 70% of farmers have tried cropping these unproductive soils; 80% reported unprofitable 
results (Section 4.1). 
 Gross margin analysis of variable costs (direct inputs) and total income indicated that in all 
cases, the consistently unproductive soils returned a negative gross margin. This was due to a 
combination of lower yields (shallow, acidic or salty soils) or high input costs (nutrition on deep 
sands). Hence, if growers were to stop cropping these areas entirely, whole-farm profit would 
be increased (Section 4.3). 
 In previous studies, growers indicated variable rate technology (VRT) can help to increase 
profitability on these soils. This study suggests that even with reduced inputs on consistently 
poor performing soils, breakeven yields were rarely achieved and negative gross margins 
continued to occur. However, the financial losses were lower and hence whole-farm profit was 
increased. VRT may help growers to reduce the whole-farm loss from these areas, but it is 
unlikely to make them profitable in their own right (Section 4.2, case study 7).  
 For those situations where discrete areas of unproductive soil occur within paddocks and 
growers wish to keep the paddock shape and dimensions consistent for efficient operations, 
VRT is an excellent choice to reduce variable costs and overall losses (Section 4.2, case study 
7). 
 Seventy-five per cent of farmers surveyed in the NEAR would be willing to permanently 
revegetate soils which have become consistently unproductive to crop (Section 4.1). 
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 Farmers surveyed nominated the most important types of assistance that would encourage 
permanent revegetation of unproductive soils.  These were: (1) subsidised revegetation; (2) 
fencing incentives; and (3) payment for carbon credits (Section 4.1). 
 The emerging carbon market may provide growers with an opportunity to permanently 
revegetate and generate income from these unproductive soils (Section 5). 
 Oil mallees are the dominant species planted for carbon. However, growth rates and survival of 
mallees on these unproductive soils are poor (Section 5). 
 More research is required to identify suitable local native plants that grow on these soils and 
determine their carbon sequestration ability (Section 5).  
 Land optimisation strategies—where land is managed according to its capability—are worth 
investigating. Such strategies may require a change in ownership of some areas. To allow this 
to occur, policies that restrict subdivision of agricultural land may need to be amended (Section 
4.2, case study 2).  
A range of options for managing consistently unproductive soils is discussed. Factors such as soil 
type and spatial distribution; annual rainfall; enterprise mix; and financial structure will determine 
the most suitable approach for each farm business. 
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1.0 Introduction 
1.1 Background 
The Department of Agriculture and Food, Western Australia (DAFWA) developed a strategy for the 
North Eastern Agricultural region (NEAR) at the request of the Minister for Agriculture and Food in 
2008. This strategy was designed through extensive community consultation to provide a ‘long-
term strategy for the management of issues farmers face in the event of consecutive poor 
seasons’.  
The strategy focuses on addressing 12 key issues of concern to the NEAR farming community. 
These issues have been encapsulated within three key themes: 
 decision making and tactical tools for 2008 and beyond 
 adapting to climate change in the NEAR 
 viability of farming in the NEAR.  
Addressing these key themes will assist the department achieve its goal of ‘achieving sustainable 
and profitable land management in an increasingly uncertain and changing business and climatic 
environment’. 
1.1.1 Features of farming in the NEAR and eastern wheatbelt  
Since 2000 the NEAR (Figure 1.1) and eastern wheatbelt have experienced a succession of 
variable seasons culminating in severe drought in 2006 and 2007 (Appendix G). Farmers in this 
region are also experiencing labour shortages and declining terms of trade triggered by cost 
inflation outpacing growth in commodity prices. As a result, farm business equity has eroded as 
farm debt has escalated. This has left many farm businesses in a highly vulnerable state, facing an 
uncertain future.  
These events, coupled with a consensus within the scientific community of a drying climate, means 
that farming systems in these areas will need to adapt and the way the land is managed will need 
to be modified. This project explored management options for soils that are now consistently 
unprofitable to crop. It is estimated that approximately 10% of soils in the NEAR and eastern 
wheatbelt are relatively unproductive in the majority of years. These soils have physical and 
chemical limitations such as shallow depth, acid subsoil or high salt content that render them 
uneconomic to farm and yet are still often sown to crop or, less so, to pasture, in the hope of 
returning a dollar. Often these unproductive areas form part of a larger paddock and, rather than 
leave these areas out, it is easier to spray, cultivate, seed and fertilise them as part of the general 
seeding operations. The investment of time and money spent on such soil types decreases the 
gross margin of the paddock, resulting in a decline in farm profitability.  
Alternative land use options such as saltbush grazing, broombush and oil mallees currently exist 
for poor performing soils and there is potential for new opportunities in the near future. These could 
include regenerating native vegetation for carbon and the development of new plant genotypes 
suited to acid soils in arid environments. These options could result in more efficient farming and 
increased farm profitability by reducing input costs on soils that are ‘unarable’ by definition. The 
poor soils may even return a dollar in their own right. The inputs that are currently wasted on such 
areas then could be diverted to soil types that have lower production risks. 
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Figure 1.1 Map showing the boundary and  population centres of the NEAR in Western Australia 
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This research coincided with a national review of drought policy.  The Government commissioned 
three reports to inform the review that were completed by early 2009.  The reports examined 
economic and social impacts of drought as well a climatic assessment.  .  Exploring current and 
potential land use options on these soils may help to identify more profitable and sustainable 
farming systems. 
1.2 Aim 
The aim of this project is to provide policy makers and land managers with improved decision-
making capacity for the appropriate use of increasingly marginal land. During this project, the 
characteristics and extent of unproductive soils in the NEAR have been defined, current 
management options have been investigated, and an economic analysis has been conducted. 
Suitable land use options and research gaps also have been identified. The project will provide 
government and industry with policy recommendations on future management options and 
potential research and development opportunities. 
1.3 Methodology of project 
The project’s methodology can best be described as comprising three steps: 
 determining the characteristics and extent of unproductive soils 
 investigating how unproductive soils are managed today 
 discussing how unproductive soils can be managed in the future. 
The steps were accomplished through one or a combination of the activities listed below.  
1.3.1 Soil analysis 
An investigation was carried out to describe the characteristics and extent of unproductive soils in 
the NEAR. This was achieved by interrogating the DAFWA soils database, subsequent ground 
truthing through discussions with farmers, and a soil pit survey of 11 representative sites. Samples 
were collected for chemical analysis and the physical characteristics were described. The APSIM 
model (Agricultural Production Systems sIMulator) was used to predict probable yields achieved 
on poor performing soils. 
1.3.2 Farmer survey 
A farmer survey was conducted with members of three grower groups in the NEAR, namely the 
Northern Agri Group (NAG), North East Farming Futures (NEFF), and the Liebe Group. Information 
was sought on the types and status of consistently unproductive soils, how they are currently 
managed and future land use options. Research and development priorities were also identified.  
1.3.3 Economic analysis 
As part of the project, an economic analysis was carried out investigating the management of 
unproductive soils to determine profitability and breakeven yields. This was done using information 
collected through the farmer survey, case studies and previous trials. 
1.3.4 Case studies 
Case studies were conducted with growers who were trialling innovative land use practices on 
unproductive soils. These included overcropping perennial grasses, subdivision, new pasture 
species, rotary spading, precision agriculture, claying, and carbon farming. 
1.3.5 Policy options 
Policy options to permanently discourage growers from cropping consistently unproductive soil 
types were investigated. These were verified at meetings with growers. 
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2.0 What are unproductive soils? 
Soil productivity can mean different things to different people. A soil which is unproductive for one 
particular land use may be productive under a different land use.  
For broadacre agriculture, unproductive soils are those that do not have the physical and/or 
chemical qualities to consistently grow crops and pastures at profitable levels.  
In this section we examine the soil qualities that contribute to low productivity for the farming 
systems commonly practiced in the NEAR. The soil qualities that are desirable for productive and 
profitable crop and pasture production are also described. The discussion relates to growing 
cereals (especially wheat) and also legumes and pastures in a broadacre agricultural setting.  
2.1 What is a ‘poor’ or unproductive soil? 
Poor soils are generally regarded as having very unfavourable chemical or physical properties that 
restrict root growth and limit yields. Some of these unfavourable properties include: 
 low water-storage and nutrient retention capability  
 high levels of salinity and sodicity 
 susceptibility to land degradation, such as wind erosion and water erosion 
 poor physical status of surface and subsurface layers (e.g. hard, compact or impermeable) 
which will restrict seedling emergence and root growth 
 poor drainage from seasonal waterlogging or shallow groundwater tables (prolonged lack of soil 
aeration and extended waterlogging) 
 excessive toxic elements such as boron or aluminium in the root zone 
 shallow soil (< 30 cm) 
 high levels of coarse fragments (> 60%) which may impose severe limitations on the capacity of 
the soil to supply water and nutrients because of the reduced volume of soil for root activity 
 coarse textured soils which drain rapidly and have a poor ability to hold water and nutrients 
 susceptibility to water repellence 
 soils composed of poorly developed peds or massive structure which often restrict root 
penetration, air and water (drainage may also be poor) 
 strongly acidic or alkaline conditions which inhibit the uptake of some nutrients and provide a 
chemical restriction to the root growth of sensitive plants.  
In addition to this, soil with inherently ‘good’ qualities can be degraded by poor management 
techniques. The inherently good qualities are finite and must be managed. 
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2.2 What is a ‘good’ or productive soil?  
Combinations of desirable physical and chemical features produce good or fertile soils (Wells and 
King 1989). The following qualities have been identified as belonging to a good soil: 
 Soils in which the essential growth requirements of plants are satisfied. The growth 
requirements influenced by the physical condition of the soil include adequate storage and 
supply of water, nutrients and oxygen for root uptake. These in turn depend on physical soil 
principles that are essential growth requirements: infiltration rate of water, total plant-available 
water storage, air-filled porosity at the wettest drained condition, penetration resistance at the 
wettest drained condition, and structural stability to wetting (Patterson 1987a). Indicators to 
identify soil with desirable properties (Northcote 1983) include:  
 soil colour 
 soil texture and clay content 
 soil friability/stability 
 depth 
 impeding layers 
 available water capacity 
 soil permeability 
 waterlogging 
 topography. 
 Chemical analysis of soil samples is commonly used to assess soil fertility and to identify soil 
constraints that limit yield. These include (Patterson 1987b): 
 soil pH 
 nutrient elements 
 salinity 
 sodicity 
 soft carbonates. 
Other soil qualities to consider include: 
 presence of soil-borne pests and diseases  
 identification of contributions made by soil biological activities. This information is still rarely 
collected and remains poorly understood in relation to its impact on soil fertility and crop yields 
in a broadacre setting. 
High yields are generally obtained (specifically for wheat) when soils have (Anderson and Moore 
1998): 
 good drainage 
 good physical characteristics 
 adequate nutrient supply  
 no barriers to root penetration 
 no extremes in pH 
 low salt levels (electrical conductivity).  
2.2.1 Productivity versus profitability 
It is relatively simple to modify soil chemical features in a marginal soil (such as by the addition of 
fertiliser or lime) to increase productivity and profitability.  It can be done if the soil has reasonable 
physical characteristics and a satisfactory supply of water and oxygen at depth allowing roots to 
grow vigorously and deeply.   
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The costs of soil modification can be high (see Case Studies 4 and 5), but failure to do this can 
leave soils less productive. Farmers must consider the economics of soil amelioration to ensure 
the cost is justified by increased returns.   
Many marginally productive soils in the NEAR have been farmed using a low input system 
(approximately 36% of soils in the NEAR – see Table 2.2).  On some soil types this has included 
the use of leguminous crops (particularly lupins) in rotation with wheat to reduce the requirement 
for chemical fertiliser as well as providing other rotational benefits (weed control and disease 
management).  Over the past decade the area of lupins grown within the NEAR has declined 
significantly due to poor lupin prices and less reliable rainfall.  For some growers the loss of lupins 
from the rotation has increased the cost of growing a wheat crop on certain soil types due to 
additional cost of nitrogenous fertiliser and herbicides (see Case Study 2).   
This case study highlights that returns on some marginally productive soils in the NEAR are falling 
below the break even point and are increasingly considered risky to crop due to unfavourable rates 
of return.  The potential area affected if lupins were no longer grown is large. Some growers are 
now investigating new low input systems including the strategic use of fallow to maintain 
profitability on these soil types.   
2.3 Identifying poorly performing soils in the NEAR 
Before we can recommend alternative land uses for unproductive soils in the region, we needed to 
identify just what unproductive soils were. We chose two approaches—‘ground up’ involving farm 
visits and ‘top down’, a desktop analysis—as outlined below.  
2.3.1 Soil characterisation 
First, we chose a ‘ground-up’ approach to obtain information. We visited five farms in the region 
and discussed soil performance with the farmers face to face. Three of the farms were in the 
Binnu–Yuna area and two were in the Pindar–Tardun catchment.  
The farmers identified 11 poorly performing soils. These were later characterised from soil pit 
excavations using established standards described in McDonald et al. (2009); classified to Western 
Australian Soil Group (Schoknecht 2005) and soil series level; photographed; and sampled for 
chemical and physical properties. 
2.3.2 APSIM model analysis 
The second approach was more of a desktop or ‘top-down’ theoretical approach. Using the APSIM 
model, we analysed soil-landscape data from the entire NEAR area as well as from the two smaller 
focus areas of Binnu–Yuna and Pindar–Tardun.  
The soil-landscape data was gathered mainly during the department’s land resource mapping 
program and has been continually updated. This data is housed by DAFWA in two fully integrated 
relational databases: the Map Unit Database and the Soil Profiles Database. More information 
about these databases, their uses and limitations can be found in van Gool et al. (2005) and 
Schoknecht et al. (2004). More information about APSIM can be found at www.apsim.info/apsim.  
We investigated the main qualities of these soils and their likely position in the landscape. From 
this information we were then able to discern which soils are likely to be poorly performing for 
wheat production and then estimate how widespread they are likely to be. The three worst 
producing groups are presented for each area:  
 Group 1—worst yielding soils (soils which are virtually non-arable)  
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 Group 2–poorly yielding soils (soils which are very difficult to manage)  
 Group 3—marginally productive soils (soil which may be productive in favourable conditions).  
Maps of the area have been produced, illustrating the extent of each APSIM group across the 
NEAR (Figures 2.3, 2.4 and 2.5). 
2.4 Results 
2.4.1 Soil characterisation 
The 11 soils identified by participating farmers as no longer productive or profitable in their system 
were described and sampled in detail. These included poor sands, salt-affected soils, shallow soils, 
rocky soils and acidic or wodjil soils. Detailed chemical and physical analysis (including particle 
size analysis) showed a clear range of soil quality problems that would affect productivity. Analysis 
showed that these soils had problems including very low pH, very high levels of aluminium, water 
repellence, low Phosphorous Retention Index ratings (including negative in some cases) and high 
levels of sodicity and surface salinity.  
Particle size analysis showed that many of the sands were dominantly coarse- to medium-grained. 
This, coupled with very low levels of clay, significantly reduces the water-holding and nutrient-
holding capacities of many of the soils. Shallow rooting depth of many soils in the region is also a 
dominant issue. 
Detailed profile descriptions, photographs, classifications, and chemical and particle size analysis 
for each of the 11 soils identified by the farmers are presented in Appendix A.  
2.4.2 Extent of unproductive soils 
The APSIM analysis produced a ranking of soil performance in the NEAR region. By regrouping 
Western Australian Soil Groups into similar ‘general’ soil classes such as gravels, coloured sands, 
and deep sandy duplexes, 10 broad APSIM soil groups were established. These groups were 
based on a number of factors, although mainly on soil water storage (van Gool, pers. comm.).  
NEAR study area 
A short summary of the soil groups identified using the APSIM model is presented below. 
First, an analysis of the main groups of soils was done for each area. In the entire NEAR, the 
dominant soils are sands and sandy earths (Table 2.1). Shallow and stony soils are also 
prominent.  
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Table 2.1 Dominant soils for NEAR  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The APSIM analysis produced an estimate of the most unproductive soils for each area. Not 
surprisingly, in APSIM Group 1 saline soils were shown to be the worst overall (4% of the area). In 
Group 2 (poorly yielding soils), shallow and stony soils were the most widespread (3%). In Group 3 
(marginally productive soils), poorer yellow deep sands and wodjil or acidic sands and earths were 
the most widespread (36%). See Table 2.2 – APSIM soil group 3.  
Therefore, for the entire NEAR, approximately 11% of soils are non arable for broadacre 
agriculture.  The marginal soils estimated at 36% in Table 2.2 are a representation of the areas 
which are becoming increasingly unproductive and unprofitable.   
Maps showing the extent of the most unproductive soils across the region follow. Tables showing 
detailed analysis, including individual Western Australian Soil Groups, soil qualities and landscape 
positions, are presented in Appendix C.  
 
Grouped soils Area (ha) % 
Coloured sands to sandy earths 1 022 835 40 
Shallow and stony soils 576 553 23 
Deep loamy duplexes and earths 238 510 9 
Clays and shallow loamy duplexes 185 225 7 
Shallow sandy duplexes 112 305 4 
Saline soils 94 320 4 
Pale sands 86 216 3 
Deep sandy duplexes 70 193 3 
Gravels 66 774 3 
Calcareous loamy earths 56 393 2 
Bare rock 14 203 1 
Semi-wet soils 2909 < 1 
Wet soils 893 < 1 
No information 15 197 1 
Total 2 542 527  
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Table 2.2 Unproductive soils for NEAR 
APSIM soil group 1—worst yielding soils 
Grouped soils ha  % 
Saline 94 320 4 
Clays and shallow loamy duplexes 33 917 1 
No information (drainage lines) 15 197 1 
Bare rock 14 203 < 1 
Shallow sandy duplexes 6117 < 1 
Pale sands 5459 < 1 
Shallow and stony soils 3630 < 1 
Deep loamy duplexes and earths 1843 < 1 
Calcareous loamy earths 1138 < 1 
Wet soils 893 < 1 
Coloured sands to sandy earths 263 < 1 
Deep sandy duplexes 22 < 1 
 177 004 7 
APSIM soil group 2—poorly yielding soils 
Grouped soils  ha % 
Shallow and stony soils 74 488 3 
Pale sands 25 058 1 
Gravels 1851 < 1 
Shallow sandy duplexes 572 < 1 
Deep loamy duplexes and earths 210 < 1 
 102 180 4 
APSIM soil group 3—marginally productive 
Grouped soils ha  % 
Coloured sands to sandy earths 624 665 25 
Shallow and stony soils 156 308 6 
Calcareous loamy earths 34 506 1 
Deep loamy duplexes and earths 33 507 1 
Clays and shallow loamy duplexes 13 195 < 1 
Pale sands 10 302 < 1 
Gravels 3829 < 1 
Shallow sandy duplexes 2077 < 1 
Deep sandy duplexes 7 < 1 
 878 395 36 
Soils repeated in each APSIM soil group category in Table 2.2 can cause confusion.  Individual soil 
types occur in many different areas.  The repetition is created by a variety of conditions influencing 
soils such as the inherent soil pH; the slope angle; landscape position; or the depth of bedrock 
associated with the soil’s location. All of these soil qualities and landscape influences may render 
the same soil as more or less productive.  For example, a Deep loamy duplex located in a valley 
which is susceptible to waterlogging and salinity will be in a lower productivity group than a Deep 
loamy duplex on an upland plain.  A breakdown of the landscape position and soil quality for each 
soil in every category is provided in Appendix C.  Further details on the influences of soil qualities 
and landscape position on soil productivity can be found in van Gool et al. 2005. 
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Binnu–Yuna area 
Table 2.3 shows the main soils for the Binnu–Yuna area. They are dominantly Yellow deep sands 
and Sandy earths. Shallow and stony soils and Pale sands are also widespread.  
Table 2.3 Dominant soils for Binnu–Yuna  
Grouped soils ha % 
Coloured sands to sandy earths 245 159 60 
Shallow and stony soils 71 920 18 
Pale sands 58 171 14 
Clays and shallow loamy duplexes 17 292 4 
Saline 3731 1 
Shallow sandy duplexes 3138 1 
Deep loamy duplexes and earths 2533 1 
Deep sandy duplexes 2507 1 
Bare rock 2097 1 
Gravels 53 < 1 
No information 38 < 1 
Semi-wet soils 23 < 1 
Total 406 661 100 
Table 2.4 indicates that Saline soils were shown to be the least productive overall. In APSIM Group 
2 (poorly yielding soils), Shallow and stony soils were the most widespread (5%) closely followed 
by Pale sands (4%). Marginally productive soils from Group 3 covered 59% of the NEAR. These 
were dominantly poorer Yellow deep sands and better Pale sands. For the entire Binnu-Yuna area, 
therefore, approximately 11% of soils are non arable for broadacre agriculture.  The marginal soils 
(Group 3) estimated at 59% in Table 2.4 are a representation of the areas which are becoming 
increasingly unproductive and unprofitable.  Tables showing detailed analysis—including individual 
Western Australian soil groups, soil qualities and landscape positions for all these areas—are 
presented in Appendix C.  
 
Table 2.4 Worst-performing soils for Binnu–Yuna area 
APSIM soil group 1—worst yielding soils 
Grouped soils ha % 
Saline 3731 1 
Bare rock 2097 1 
Pale sands 875 < 1 
No information 38 < 1 
Shallow and stony soils 17 < 1 
Deep loamy duplexes and earths 5 < 1 
Total 6763 2 
APSIM soil group 2—poor yielding soils 
Grouped soils ha % 
Shallow and stony soils 20 440 5 
Pale sands 17 179 4 
Deep sandy duplexes 281 <1 
Semi-wet soils 23 <1 
Deep loamy duplexes and earths 11 <1 
 Total 37 934 9 
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APSIM soil group 3 – marginally productive 
Grouped soils ha % 
Coloured sands to sandy earths 190 649 47 
Pale sands 40 117 10 
Shallow and stony soils 10 794 3 
Clays and shallow loamy duplexes 16 < 1 
 Total 241 575 59 
 
 
Coarse pale deep sand with patchy perennial rhodes grass  
pasture at West Binnu 
 
Shallow rocky loam over bedrock at Pindar 
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Pindar–Tardun 
Table 2.5 shows the main soils for the Pindar–Tardun area. It is estimated that more than half of 
the soils in this area are shallow and stony. Yellow deep sands and earths are also prominent. 
Many of these are wodjil or acidic soils. 
Table 2.5 Dominant soils for Pindar–Tardun  
Grouped soils ha % 
Shallow and stony soils 154 302 55 
Coloured sands to sandy earths 49 333 18 
Deep loamy duplexes and earths 29 964 11 
Shallow sandy duplexes 23 946 9 
Gravels 8585 3 
Saline 7215 3 
Deep sandy duplexes 3107 1 
Clays and shallow loamy duplexes 1742 1 
Calcareous loamy earths 373 < 1 
Bare rock 49 < 1 
Total 278 614 100 
Table 2.6 shows that Saline soils (3% of the area) were the least productive overall. In APSIM 
Group 2 (poorly yielding soils), coloured sands to sandy earths were the most widespread (14%). 
These are mainly the inherently acidic wodjil soils. Group 3 (marginally productive soils) covered 
20% of the Pindar–Tardun area. These were dominantly Red shallow sands over rock. For the 
entire Pindar-Tardun area, therefore, approximately 24% of soils are non arable for broadacre 
agriculture.  The marginal soils (Group 3) estimated at 20% in Table 2.4 are a representation of the 
areas which are becoming increasingly unproductive and unprofitable. Tables showing detailed 
analysis—including individual Western Australian Soil Groups, soil qualities and landscape 
positions for all these areas—are presented in Appendix C.  
Table 2.6 Worst performing soils for Pindar–Tardun area 
APSIM soil group 1—worst yielding soils 
Grouped soils ha % 
Saline 7215 3 
Clays and shallow loamy duplexes (salt affected) 700 < 1 
Bare rock 49 < 1 
Total 7963 3 
APSIM soil group 2—poor yielding soils 
Grouped soils ha % 
Coloured sands to sandy earths 40 358 14 
Shallow and stony soils 19 123 7 
 Total 59 481 21 
APSIM soil group 3—marginally productive 
Grouped soils ha % 
Shallow and stony soils 54 706 20 
Shallow sandy duplexes 2 056 1 
Coloured sands to sandy earths 228 < 1 
 Total 56 990 20 
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Figure 2.1 shows the locations and extent of the worst-performing soils in the NEAR region 
(APSIM Group 1). These are mainly of five types: (1) salt-affected soils; (2) soils which are on 
poorly drained flats; (3) deep and shallow calcareous sands (mainly adjacent to the coast); (4) soils 
on steep slopes; and (5) very rocky soils.  
In the Binnu–Yuna area, the worst soils are salt affected. Poor sands and Shallow loams on very 
steep slopes and very shallow sands are also among the worst identified in this group.  
In Pindar–Tardun, the worst soils again are predominantly salt affected. Detailed information on the 
soils, their qualities and position in the landscape are presented in Appendix B. 
 
Figure 2.1 Worst yielding soils—APSIM soil group 1 
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Figure 2.2 shows the locations and extent of the poor yielding soils in the NEAR region (APSIM 
Group 2). These are mainly stony soils, very poor pale sands prone to wind erosion, shallow sandy 
gravels, shallow sands, coarse pale deep sands and deep gravelly sands.  
In the Binnu–Yuna area, the poor yielding soils are poor pale deep sands prone to wind erosion, 
very shallow gravelly soils, stony soils and shallow pale sands.  
In Pindar–Tardun, the poor yielding soils are dominantly wodjil sands and acid sandy earths, stony 
soils and shallow gravels. Detailed information on the soils, their qualities and position in the 
landscape are presented in Appendix B. 
 
Figure 2.2 Poor yielding soils—APSIM soil group 2  
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Figure 2.3 shows the location and extent of marginally productive soils in the NEAR region (APSIM 
Group). Overall, these are mainly poor yellow deep sands, red shallow sands over rock, acidic 
sands and earths, shallow red-brown hardpan soils and very alkaline clay soils.  
In the Binnu–Yuna area, the marginally productive soils are mainly poor yellow deep sands, pale 
deep sands and loamy shallow gravels.  
In Pindar–Tardun, the marginally productive soils are predominantly red shallow sands over rock 
on crests and upper slopes, red-brown hardpan soils with a salt risk, and shallow duplex soils on 
crests and upper slopes. Detailed information on the soils, their qualities and position in the 
landscape are presented in Appendix B. 
 
Figure 2.3 Marginal soils—APSIM soil group 3  
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3.0 Hydrology and its impact on soils in the NEAR 
3.1 Introduction 
Previous analyses of salinity risk in the South West Agricultural region of Western Australia have 
been based on soil-landscape zones (George et al. 2005; Short and McConnell 2001). Regional 
hydrologists in the Department of Agriculture and Food, Western Australia (DAFWA) continue to 
use soil-landscape zone mapping as the basis for defining hydro-zones, which are regions that 
share the same geology and hydrological characteristics. 
This assessment will provide a brief description of the hydro-zones of the North East Agricultural 
region (NEAR); the groundwater monitoring networks that have been established; and conclusions 
of previous analyses of groundwater-level trend data. This assessment will then describe the 
current situation in relation to groundwater-level trends and offer possible explanations for our 
observations. Finally, this assessment will update perceptions of salinity risk in the NEAR. 
3.2 Hydro-zones 
Hydro-zones in the NEAR coincide with major geological features. Figure 3.1 shows the boundary 
of the NEAR and the underlying hydro-zone geology. The eastern half of the NEAR overlies the 
Yilgarn Craton. West of the Yilgarn Craton, the NEAR overlies the Irwin Terrace and a small area 
of the Perth Basin. In the north-west the NEAR overlies Tumblagooda Sandstone and the 
Northampton Block. 
3.2.1 Yilgarn Craton 
The Yilgarn Craton is a large raft of Archean continental grantoid rock. The regolith profile is 
typically up to about 30 m of gritty clay saprolite formed by in situ weathering of the crystalline 
basement rock. Groundwater occurs within the gritty clay saprolite but yields are generally low and 
the majority of groundwater present, particularly in valley floors, is saline. Most of Western 
Australia’s existing dryland salinity occurs on the Yilgarn Craton. 
3.2.2 Irwin Terrace 
The Irwin Terrace is an elongate trough of mainly Permian sediments bound to the east by the 
Darling Fault that defines the western edge of the Yilgarn Craton. The Permian sediments are 
predominantly clay rich. North of Mingenew, the Permian sediments are partially blanketed by 
sandplain. 
Groundwater quality in the Permian sediments ranges from brackish (~ 500 mS/m) to hypersaline 
(~ 7000 mS/m). Where clay soils derived from Permian sediments are exposed in drainage lines 
they are typically severely salt affected. 
3.2.3 Tumblagooda Sandstone 
The Tumblagooda Sandstone is Silurian age. It is well exposed in the cliffs of the Murchison River 
gorge near Kalbarri. East of the Northampton Block (Figure 3.1), the sandy soils overlying the 
Tumblagooda Sandstone appear to be derived by in situ weathering of the sandstone. West of the 
Northampton Block, it is partially capped by Cretaceous sediments, Tamala limestone along the 
coastal strip, or aeolian (wind-blown) sandplain. 
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The Tumblagooda Sandstone hosts an intermediate-to-regional groundwater flow system and is 
described as a good aquifer producing large quantities of water from nearly all wells and bores 
(Playford et al. 1970; Hocking et al. 1982). West of the Northampton Block, groundwater in the 
Tumblagooda Sandstone is predominantly fresh. East of the Northampton Block, it is 
predominantly brackish to saline. 
3.2.4 Northampton Block 
The Northampton Block is essentially a large outcrop of Proterozoic crystalline gneissic basement 
rock. It is partially capped in western areas by thin sequences of Jurassic sediments that form the 
characteristic flat-topped Moresby Ranges near Geraldton. 
A mantle of weathered gritty clay saprolite has formed over the Northampton Block. As on the 
Yilgarn Craton, groundwater yields from saprolite are limited and useful yields are generally only 
obtained from the basal saprolite grits or underlying fractured rock basement. Groundwater quality 
from the saprolite zone of the Northampton Block is generally suitable for stock, except where the 
saprolite is covered by Jurassic sediments that appear to have restricted effective flushing of salt 
from the underlying regolith (Speed 2002). 
A palaeochannel associated with the Chapman River contains up to 19 m of alluvial channel 
sediments and small-scale, but useful, potable groundwater resources (Speed 2002). The 
Chapman River is directly connected to groundwater in the alluvial channel sediments and 
perennial flow is maintained in the river by groundwater contribution to base flow. 
The Northampton Block is partially capped by numerous minor perched aquifers within the Jurassic 
sediments. They are nearly all insignificant as water sources, except for limited stock supplies. 
3.3 Groundwater monitoring network 
Groundwater monitoring sites have been progressively installed throughout the Northern 
Agricultural region since 1991. The motivation to install monitoring sites has been varied. For 
example, sites were installed near Carnamah in 1993 to evaluate the use of airborne geophysics to 
understand and manage catchment hydrology. Sites were installed near Canna in 1994 to 
investigate the use of oil mallees to control dryland salinity. More sites were installed near Canna 
in 2007 to assess the performance of deep drains. In 2008 gaps in the regional groundwater 
monitoring network at a soil-landscape zone scale were filled to enable a more complete picture to 
emerge in future years. Nevertheless, the length of groundwater record across the Northern 
Agricultural region remains variable. 
The length of record is critical in determining groundwater trends and assessing salinity risk. 
Usually five years of monthly monitoring is required to confidently determine trends, although 
sometimes trends become apparent after about three years of regular monitoring. The data from 
groundwater monitoring sites installed in 2008 are not yet mature enough to confidently determine 
trends but they have been included in this assessment. 
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Figure 3.1 Geology of hydro-zones in the Northern Agricultural region, the boundary of the NEAR and the 
location and direction of groundwater-level trends at each monitoring site 
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3.4 Previous analyses 
1999 was a very wet year for areas throughout the Northern Agricultural region resulting in the 
town of Moora being flooded twice. Since 1999, drier conditions have prevailed. These climatic 
factors have strongly influenced groundwater levels. 
The previous analysis undertaken by Speed and Kendle (2009) compared groundwater trends pre-
2000 and post-2000. They found that pre-2000, rising groundwater trends were observed at the 
majority of monitoring sites (66%), and since 2000, declining groundwater trends were recorded at 
the majority of sites (69%) (Speed and Kendle 2009). The switch from generally rising groundwater 
trends to generally declining trends was interpreted to be due to the prevailing drier conditions. 
3.5 Current situation 
It now appears the analysis undertaken by Speed and Kendle (2009) may have over-reported the 
number of declining groundwater trends. In addition, they were unable to report on trends in the 
Tumblagooda Sandstone due to insufficient length of groundwater record. 
The influence of very wet conditions in 1999 and subsequent prevailing drier conditions are best 
illustrated with an example. Figure 3.2 shows the watertable hydrograph at a site near Carnamah 
plotted with accumulated monthly residual rainfall. Site CA26OB is located in a lower mid-slope 
landscape position. In 1999 there was significant episodic watertable rise in response to rainfall. 
Then, until the end of 2007, the watertable declined. This was thus reported as a declining trend in 
the previous analysis. However, over the past three years it appears that a new watertable 
equilibrium has been reached and, in this current analysis, zero trend is assigned to this site. 
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Figure 3.2 Watertable hydrograph at a groundwater monitoring site near Carnamah 
Elements of the groundwater response shown in Figure 3.2 are present throughout the Northern 
Agricultural region. It shows the strong relationship between groundwater and rainfall; and the 
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declining groundwater trend in response to the declining trend in accumulated monthly residual 
rainfall. 
This current analysis was restricted to assessing whether groundwater trends are rising, falling or 
static. The results of this analysis are shown in Figure 3.1. Rising trends are shown with a red plus 
sign, declining trends are shown with a blue minus sign and zero trends are shown with a green 
star. The location of the symbol is the location of the groundwater monitoring site. 
The symbols do not appear to be randomly grouped except perhaps in the Tumblagooda 
Sandstone west of the Northampton Block. However, the monitoring sites here were installed 
toward the end of 2007 and only three years of data are available. 
The following section provides possible explanations for the groundwater-level trends in the NEAR. 
3.5.1 South-east Yilgarn Craton (Kalannie–Goodlands) 
We continue to observe a mixture of static groundwater levels and rising trends. At all sites, we 
observed significant episodic rise in response to the very wet conditions in 1999. As a result, 
groundwater levels are currently higher at all Kalannie-Goodlands sites than when monitoring 
began in 1996, including all the sites where we report zero trend. The sites where we continue to 
observe rising trends coincide with upper landscape positions and sandplain soils. 
Annual rainfall did not change significantly in this area between 1991 and 2010 and remains low (~ 
300 mm/yr). The processes of dryland salinity continue unabated where groundwater rise is 
dominated by episodic rainfall events. Continually rising trends occur beneath upland sandplain 
where there are enhanced infiltration rates and poorer soil water-retention capacity than in the 
loamier and clay soil types that dominate lower landscape positions. 
3.5.2 Western and northern Yilgarn Craton (Carnamah–Morawa–Canna) 
Rising trends were widespread throughout this area before 2000, although zero trends were 
common near Carnamah where it appears a post-clearing equilibrium had been reached and a 
persistent falling trend was observed in the fully vegetated Canna Reserve. After 2000 falling 
trends were widespread but it now appears some of that was an artefact of episodic rise in 1999 
(Figure 3.2). Currently, there is a mixture of falling and static trends (the one anomaly south-west 
of Mullewa is from a site installed in mid 2008). 
Rainfall has declined significantly throughout this area since 1976 and further since 2000. The 
decrease in annual rainfall since 2000 has tipped the water balance such that recharge has 
become less than discharge. Discharge occurs either by evaporation or by groundwater draining 
from landscapes with enough hydraulic gradient (or a combination of both, particularly just after 
1999). Consequently, groundwater levels have stabilised at a new equilibrium or continue to fall, 
depending on gradient and depth to groundwater. 
3.5.3 Irwin Terrace (south of Mingenew) 
There has been a marked switch from predominantly rising trends before 2000 to mainly declining 
trends since 2000 and groundwater levels are generally lower now than when monitoring began in 
this area in 1995. While two sites located in the southern extreme of the Irwin Terrace in the NEAR 
are shown as having rising trends, monitoring began only in mid 2008 at these sites and the data 
are ambiguous. 
Rainfall has declined significantly throughout this area since 1976 and further since 2000. The 
Irwin Terrace south of Mingenew is dominated by loam and clay soils which have lower infiltration 
rates and better water-holding capacity than sandy soils. The decreased rainfall since 2000 has 
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tipped the water balance such that recharge has become less than discharge, causing 
groundwater levels to decline. 
Discharge is mainly thought to occur as through-flow in this area but the processes are not well 
understood. There are some deeply incised drainage lines traversing the Irwin Terrace but their 
role and relationship to groundwater is not clear. 
3.5.4 Irwin Terrace (north of Mingenew) 
All of the bores on the Irwin Terrace north of Mingenew were installed between late 2007 and mid 
2008. There is insufficient data to confidently determine trends. However, the initial data indicates 
widespread rising trends. This may reflect the predominance of sandy soils allowing infiltration to 
become recharge even with reduced rainfall. 
3.5.5 Tumblagooda Sandstone (east of Northampton Block) 
Groundwater monitoring began throughout this area in 2004. The monitoring sites were installed 
after it became apparent from investigations into unauthorised clearing that a significant salinity 
problem could be developing in sandplain on the northern Perth Basin. Subsequent monitoring has 
confirmed widespread rising groundwater trends. 
The Tumblagooda Sandstone is considered to host an intermediate-to-regional groundwater flow 
system with predominantly brackish to saline groundwater. Westward movement of groundwater is 
blocked by the crystalline basement of the Northampton Block. It seems that groundwater flow in 
the Tumblagooda Sandstone is northward, probably discharging to the Murchison River. 
Even with reduced rainfall, infiltration through the sandy soils will continue to add recharge to rising 
groundwater trends. Regional groundwater flow and discharge to the Murchison River is too 
sluggish or too slow to move the volume of recharge and counteract dryland salinity processes. 
Further hazard is presented by possible increased frequency of summer rainfall from moisture-
laden tropical air masses. The severity of salinity in this landscape is compounded by very high 
evaporation rates (~ 2500 mm/yr). Consequently, wherever the watertable nears the surface, 
hypersaline conditions rapidly develop. 
3.5.6 Tumblagooda Sandstone (west of Northampton Block) 
Groundwater monitoring began in this area only in late 2007 and there is insufficient data to 
confidently determine trends. The area is characterised by sandy soils enhancing infiltration and 
recharge but groundwater is considered to be hosted in a regional aquifer that is not impeded from 
discharging to the Indian Ocean. At this stage, the salinity risk cannot be meaningfully determined. 
3.5.7 Northampton Block 
There are no monitored groundwater sites on the Northampton Block in the NEAR. However, 
numerous sites on the Northampton Block south of the NEAR boundary are considered to provide 
adequate surrogate information. 
Before 2000 groundwater levels fluctuated in response to seasonal rainfall but there was no overall 
groundwater trend. This apparent equilibrium was attributed to well-defined surface drainage, 
enhanced topographic relief (compared to the wheatbelt) and groundwater discharge as base flow 
in streams. 
Since 2000 groundwater levels have dropped significantly across much of the Northampton Block. 
Recharge to replenish groundwater has been reduced and levels have fallen as groundwater has 
drained away. 
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3.6 Salinity risk assessment 
Salinity risk in the south-east part of the NEAR remains unchanged and is still considered to have 
an extreme salinity hazard (Government of Western Australia, 1996). Groundwater rise is 
dominated by recharge from episodic rainfall. The frequency of episodic rainfall will determine the 
time frame of the risk. It will take many decades for a post-clearing equilibrium to be established 
and the full extent of salinity to manifest. 
Salinity risk in the central part of the NEAR—where soils in the catchments are predominantly 
loamy and clay—appears to have been mitigated by reduced rainfall since 2000. The salinity risk 
was high to extreme (Government of Western Australia, 1996) and is now considered to be low to 
moderate. 
Salinity risk is extreme in the north–central-west part of the NEAR where sandy soils overlie 
Tumblagooda Sandstone east of the Northampton Block. 
There is insufficient data to determine salinity risk in the north-western part of the NEAR where 
sandy soils overlie Tumblagooda Sandstone west of the Northampton Block. 
Salinity risk on the Northampton Block is low and appears to be largely mitigated by reduced 
rainfall since 2000. The issue emerging in this part of the NEAR is the threat to on-farm water 
resources as watertables recede below the depth of soaks, wells and bores. 
 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 29 
4.0 Managing unproductive soils today 
4.1 Growers survey  
A survey was designed to collect information about consistently unproductive soils within the 
NEAR. Growers were asked to identify the soil types they considered were consistently 
unproductive and to provide details about how they currently managed these soils. The information 
collected through the survey was to provide the basis for the economic analysis of these soils and 
to complement our analysis of the soil database.  
The three main grower groups in the NEAR—the Northern Agri Group, North East Farming Futures 
(NEFF) and the Liebe Group—were approached to distribute the surveys and collect responses. A 
financial incentive was offered for each farm business that completed the survey. The intention 
was to have 100 growers complete the survey; however, only 74 were returned. This represents a 
sample size of more than 10% of farm businesses in the NEAR.  
Key findings: 
 An average of 8% of cleared farming land was classified by farmers as consistently 
unproductive. 
 About 70% of farmers have tried cropping these unproductive soils, with 80% of those reporting 
that it was unprofitable.  
 The soil types that farmers classed as consistently unproductive varied throughout the region. 
In eastern districts, farmers identified salt-affected and deep acid sandplain soils whereas in 
the north-western districts they chose pale deep sands and shallow sands over gravel or rock. 
 Three-quarters of farmers surveyed in the NEAR were willing to permanently revegetate soils 
which have become consistently unproductive to crop.  
 The most important assistance that could be offered for revegetating these areas permanently 
were listed as: 
 subsidised revegetation (59%) 
 fencing incentives (55%) 
 payment for carbon credits (52%). 
 Surveyed farmers identified research into alternative crops and pastures as the highest priority 
research relating to changing land use on consistently unproductive soils.  
4.1.2 Survey results 
This section summarises the responses to each question of the survey and indicates the main 
points drawn from each of them. 
Questions 1–4  
These questions were used to gain knowledge of the size of each farm, cropping area, soil types 
and remnant vegetation.  
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Table 4.1 Collated responses to questions 1 to 4. 
N=74 
Range in area (ha) 
Average area (ha) 
Minimum Maximum 
Farm size 800 24 500 5414 
Cleared for cropping 525 20 000 4475 
Cleared but not cropped 0 1542 249 
Remnant vegetation 20 2842 694 
Question 5 
The five major unproductive soils that we examined are in the table 4.2 (n=70). The majority of the 
salt-affected land is not used for cropping and many farmers have fenced these areas off. The 
unprofitable areas of these pale deep sands in the Binnu region are associated with hilltops where 
wind erosion becomes an issue. More than a third (39%) of growers indicated this problem. 
Table 4.2 Collated responses to Question 5 
Soil type Farms with soil type 
Total area of soil 
type (ha) 
Total area 
unprofitable to crop 
(ha) 
Deep acid sands 38 (54%) 36 888 6598 (18%) 
Shallow sand over gravel 40 (57%) 21 952 2768 (13%) 
Shallow sand over rock 22 (31%) 4052 1875 (46%) 
Pale deep sands 29 (41%) 19 558 4062 (21%) 
Salt affected 46 (66%) 15 149 9264 (61%) 
Question 6 
This question dealt with the economic management of individual soil types. Respondents were 
asked to provide average yield, fertiliser and chemical products applied and the rate they were 
used at.  This is covered in more detail in Section 4.3. 
Question 7 
Table 4.3 shows the management options that growers have tried and whether or not they were 
profitable (n=70). Growers were also asked if they had tried any other options and nine 
respondents identified the installation of deep drains to help combat the salt problem.  
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Table 4.3 Collated responses to Questions 6 and 7 
Management option 
Farmers who tried 
option 
 (%) 
Farmers who thought it 
was profitable 
 (%) 
Continue cropping as per rest of paddock 70 29 
Continue cropping with reduced inputs 43 53 
Cropping opportunistically 40 57 
Annual pasture for grazing 59 66 
Annual pasture for fallow 21 67 
Perennial fodder shrubs 36 52 
Perennial grasses 14 50 
Alley farming 14 50 
Amelioration 49 56 
Question 8 
Growers were asked whether they would consider any of the management options listed in table 
4.3 in the future. Out of the 65 growers who answered this question, 95% said they would consider 
at least one of the options. Several growers replied ‘yes’ to this question without stating the options 
they would be willing to try. Other growers were influenced by the spatial distribution of their 
unproductive soils. Although they could see the merit in some options, they explained that the 
affected areas on their properties were dispersed and only small, and they would be more likely to 
continue cropping rather than divide their paddocks. This is where advanced technology such as 
Variable Rate Technology (VRT) may be an option in the future.  
The five most common management options that growers specified they may look at in the future 
are shown in table 4.4 (n=65). 
Table 4.4 Collated responses to Question 8 
Management option Farmers willing to consider 
option in future (%) 
Amelioration (lime in particular) 26 
Planting trees 18 
Perennial shrubs 18 
Annual pasture for grazing 17 
Perennial pasture 15 
Question 9 
Growers were asked if they would consider permanently revegetating some of their consistently 
unproductive areas. Almost three-quarters (74%) responded with ‘yes’, (n=72). 
Growers were also asked which soil type they would revegetate. Obviously some growers 
mentioned more than one soil type; four did not mention any soil type at all. The soil types that 
were mentioned are shown in table 4.5 (n=68). 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 32 
Table 4.5 Collated responses to Question 9 
Soil type considered for 
revegetation 
Farmers considering 
revegetation 
(%) 
Salt affected 35 
Pale deep sands 29 
Acid soils 18 
Shallow sand over gravel 7 
Shallow sand over rock 1 
Drains and creeks  6 
Question 10 
Table 4.6 shows farmers’ responses to what would be the most important assistance needed to 
help revegetate consistently unproductive areas permanently. (n=71) 
Table 4.6 Collated responses to Question 10 
Type of assistance 
Growers’ rankings of 
importance 
 
(%) 
Subsidised revegetation 61 
Fencing incentives 58 
Payment for carbon credits 54 
Stewardship payments 48 
Technical advice 41 
Rezoning and subdivision 10 
 
Other popular incentives included subsidies for earthworks to install deep drains, reduced rates for 
the vegetative areas, and funds to cover the cost of vermin control.  
Question 11 
When growers were asked what research they would like to see happen in regard to changing land 
use on consistently unproductive soils, they gave a wide range of responses (n=47). As was 
mentioned earlier, soil amelioration was popular with growers interested in further research into 
spading, mouldboard, delving and claying (21%). Crop development, including GM, also was 
mentioned a few times. If these areas were to be revegetated, growers wanted them to be 
economically viable (21%). Pasture developments or fodder shrubs for grazing was also a common 
response (19%).  
Question 12 
Other ideas (n=39) included trees or shrubs that could provide income (26%), with 40% of these 
referring to carbon credits. Pasture or fodder was common with 26% response. The installation of a 
deep drain system in salt-affected areas was raised  by 13% of respondents. 
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4.2 Case studies 
This section outlines a number of management practices that farmers were undertaking on their 
unproductive soils at the time of the study. The information is presented in the form of case studies 
of individual growers and outlines their management strategies for dealing with soils that are now 
no longer profitable to farm under traditional practices. The range of options include tree planting, 
VRT, perennial pastures and overcropping, subdivision with affected areas sold to carbon 
brokering companies, the use of soil ameliorants and new technologies such as rotary spading. 
 
 
Fallow paddock at Tardun 
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Case study 1    Oil mallees 
Mike and Deb Kerkmans farm their 12 000 ha property, ‘Marlingu’, at Pindar in the north-eastern 
agricultural wheatbelt of Western Australia. The average annual rainfall for this area is 200 mm. 
They mainly grow wheat and oil mallees for carbon sequestration on a range of soils including 
deep sands, shallow sands, loam and clay. They also agist sheep when feed is available.  
Why Mike and Deb grow oil mallees 
Mike initially started planting oil mallees for landcare when he bought Marlingu in 1998. The 
property was bare of native vegetation and he wanted to make the farm ‘a better place’. He chose 
oil mallees because they are native to the area and mildly salt-tolerant. As salinity on the farm was 
spreading, he planted the trees in blocks on discharge areas and on the contours. Mike found that 
the oil mallees did not grow well on saline or potentially saline areas. However, they grew more 
vigorously on the good soils where they were planted to prevent the valley floors from going salty.  
More recently, the potential for receiving income from oil mallees—for the carbon they sequester 
and from biomass for energy production—has given Mike additional reasons for growing the trees. 
To achieve the growth rates needed to sequester adequate levels of carbon, the oil mallees are 
planted in belts spaced so that large-scale broadacre cropping operations can continue in the 
alleys between them. Mike believes that his investment in oil mallees will keep the family in 
agriculture, with the annual income from the trees enabling them to continue farming wheat in a 
low rainfall environment with highly variable seasons.  
Mike is a member and past president of the Oil Mallee Association of Australia (OMA), a not-for-
profit network of about 1000 growers. The OMA supports oil mallee growers and promotes the 
industry by setting an industry standard for growing oil mallees, obtaining grants for research and 
development and providing information. Mike recommends that growers interested in planting oil 
mallees should contact the association. 
What is involved? 
Oil mallees are planted across all soil types in belts consisting of three rows of trees spaced 4 m 
apart with 3–4 m between the rows, resulting in a tree density of about 1200 stems/ha. For the 
rainfall, soil types and soil depths on Mike’s farm, the oil mallees are expected to achieve an 
average growth rate of 5 t/ha carbon sequestered annually. While the OMA originally 
recommended a density of 3000 stems/ha, Mike’s trials have shown that 1200 stems/ha achieves 
the same growth rates for a 60% reduction in cost. He aims to plant belts of trees across 10% 
(1200 ha) of the 12 000-ha property.  When Mike was interviewed in July 2010, he had planted 300 
ha to oil mallees. The belts are aligned in a north-south orientation to avoid having to drive into the 
sun when conducting cropping operations and to minimise evaporation.  
Mike is one of a group of ‘early adopters’, most of whom have been planting trees for carbon 
sequestration at their own cost and risk. His advice is to start on a small scale, getting used to 
planting one paddock, before progressing further.  
Positives/benefits 
Mike says that with oil mallees ‘the farm looks great’ and his paddocks look green even on a hot 
summer’s day. The trees provide shade for the sheep and, when they rub against the trees, 
eucalyptus oil—a natural pesticide—keeps the flies away. The tree belts also protect the soil from 
wind erosion. The proposed introduction of carbon trading under Australia’s Carbon Pollution 
Reduction Scheme (CPRS) has been deferred to 2013, after the end of the current Kyoto 
commitment period. Under this scheme, carbon sequestered by oil mallees will be sold as a carbon 
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offset from an agreed date, which is yet to be determined. Income can be received from leasing 
land through a Tree Plantation Agreement, available for 30 years under current legislation. This is 
also the useful growing life for an oil mallee; the tree stores carbon that can be sold as offsets. 
Thereafter, under current legislation, the trees must remain in the ground for 100 years to ensure 
that the stored carbon remains sequestered out of the atmosphere. 
It is anticipated that harvesting the trees to provide biomass for renewable energy feedstock will 
extend the income-producing life of the trees—from both carbon sequestration and harvesting—
indefinitely. This is due to the vigorous coppicing capacity of the oil mallee. 
Mike currently has a private contract to grow oil mallees with the Japanese Power Company, 
Kansai. In 2003 Kansai planted oil mallees for carbon sequestration on 1000 ha of farm land in 
Western Australia to offset greenhouse gases produced in Japan. The land belongs to 38 growers, 
within (or close to) a 200-km radius of Kalannie, and includes 30 ha on Mike’s property. Kansai 
pays annual lease fees and all of the costs of establishment and management during the 20-year 
term of the contract. When international carbon trading is introduced for offsets produced in 
Australia, Kansai will be entitled to claim carbon credits over a period from an agreed start date to 
30 years from the planting date. 
Even without carbon trading, Mike believes that oil mallees have the potential to be harvested for 
biomass for energy generation. In August 2009, the Renewable Energy Target (RET) Scheme was 
implemented to deliver on the Commonwealth Government’s commitment for 20% of Australia’s 
electricity supply to come from renewable sources by 2020. Biomass from both oil mallees and 
wheat straw is a renewable resource that could be burnt in a pyrolysis plant to provide energy for 
local power stations. In addition to harvesting oil mallees, farmers could collect weed seeds and 
straw by pulling a hay baler behind the harvester. Bales could be stored until the biomass is 
needed to generate energy in a pyrolysis plant. Mike envisages a future where groups of farmers 
own their own local pyrolysis plant alongside a Western Power generator to feed the power 
provided into the state energy grid.  
Negatives/costs 
Mike’s initial oil mallee trees were planted on contour lines for salinity abatement and no longer fit 
with his system of cropping up and back in parallel rows. When he was interviewed in July 2010,he 
intended to push out the initial plantings and replace them with new trees aligned in the north–
south orientation.  
The main costs of planting oil mallees (Table 1) include seedlings, purchase of a tree planter, plus 
labour and running costs or payment of a contractor. However, most landowners will simply receive 
payment for leasing their land to a licensed abatement company that will plant the trees and cover 
the costs.  
 
Table 1 Costs of planting oil mallee trees on Mike and Deb Kerkmans’ farm at Pindar  
Seedlings   Seedling cost at 30c  
 Planting density at 1200 seedlings/ha  
$360/ha 
Purchase of second-hand tree planter (excludes running costs)  $20 000 
Own labour  2 people (1 driving at 3–4km/hr, 1 planting 1000 trees/hour) 
 One 12-hour shift = 12 000 trees/day  
 At a density of 1200 trees/ha, 1 day required per 10-ha trees  
 
Contractor cost  e.g. The Kerkmans contract at a cost of 10c/seedling $120/ha 
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Ongoing trials/research 
Mike is still experimenting with optimising the system by maximising the carbon sequestration and 
minimising costs. While 5t/ha carbon can be sequestered annually with 10% of the paddock 
planted to oil mallees, he is experimenting with closer spaced belts to fit two passes of a 150ft 
boom spray, increasing the density of the trees to 20% of the paddock. Mike also plans to change 
from a 50 ft to a 75 ft air-seeder bar to cut down on the amount of travel. 
The feasibility of manufacturing and utilising biochar in a number of Australia's wheat production 
areas, using local crop and plantation waste from existing cleared farmland as feedstock, is being 
investigated through Project Rainbow Bee-Eater. A pilot pyrolysis plant for making biochar is being 
built in Kalannie. The plant will have the capacity to pyrolyse two large bales of wheat straw (8 ft x 
4 ft) per hour producing 1 MW power—enough to run the town of Kalannie for one hour. About 
50% of the pyrolysed biomass is converted into biochar, which can be returned to the soil, 
providing a very stable form of carbon storage and a range of potential benefits for soil quality. 
More information 
Mike is one of 32 Australian farmers who have been recruited by the national Climate Champion 
program to help improve communication between scientists and farmers about managing climate 
risk. More information on Mike’s whole farming system can be found at 
http://www.climatekelpie.com.au/ask-a-champion/farmer-case-studies/mike-kerkmans. 
 
 
Figure 1 Wheat crop between two alleys of oil mallees planted in 2003 (July 2010) 
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Case study 2  Subdivision 
Mike Doherty runs a cropping-focused property 10 km north-west of Mullewa. Mike, who lives in 
Geraldton, has a manager on the property and has been trying to sell the enterprise for several 
years. He would like to retire from farming due to his age (69) and ill health. A carbon broker is 
interested in buying 1560 ha of the property for the purpose of establishing trees for carbon 
sequestration. This block includes 40% of Mike’s arable land area. The parties have agreed on a 
purchase price. However, the sale depends upon government approval to adjust the parcel (lot) 
boundaries within the property. This change in parcel boundaries means the proposal is 
considered a rural subdivision under Development Control 3.4 Subdivision of Rural Land (the 
Western Australian Planning Commission—Section 4.6 Farm Rationalisation). 
The real estate agent is confident that this should not be a problem as the property has more than 
10 separate lots. Mike engaged the services of a professional planning firm to assist with the 
application process. Mike found the approval process slow and believes it could be streamlined. 
The carbon broker would also like an earlier settlement than is possible under the current 
application process.  
The carbon broker drilled across the property to investigate soil depth. The firm was looking for 
sandplain areas that are easily drilled to a depth of at least 1.5 m. The broker wants to purchase 
1560 ha along the western and southern edge of the property, most of which is suitable for 
establishment to trees based on the firm’s criteria. Interestingly, the broker was not interested in a 
paddock with higher clay and gravel content that is adjacent to the selected block. From a cropping 
perspective, Mike considers this to be the better paddock. 
The 1560 ha area represents what Mike considers his poorer sandplain soils which are also his 
least profitable cropping country. He believes that splitting his farm into two separate properties 
based on soil type will make it easier to sell. He has already found a willing buyer for the sandier 
part of the farm. The rest of the property therefore should be more affordable to a potential 
purchaser because it is much smaller than Mike’s existing property. In addition, it should be 
capable of producing higher yielding crops for a new owner given the predominance of better soil 
types. 
Even though Mike considers the area of interest to the carbon broker to be the least profitable for 
cereal cropping, not all of the soils on the block are consistently unproductive. They are capable of 
achieving reasonable crop yields in seasons with average rainfall, although high fertiliser inputs are 
generally required.   
Mike has found these soils increasingly unprofitable to crop due to high crop input requirements 
and variable yields. Recent drier-than-average seasons have decreased the profitability of lupins in 
the NEAR region and resulted in a much smaller area being planted to lupin crops. Mike still grows 
lupins opportunistically. However in recent years, dry autumns and late breaks have limited the 
opportunities. The subsequent loss of lupins from the rotation has eliminated several rotational 
benefits from the wheat–lupin rotation, including organic nitrogen from lupin crops. Grass weeds 
can no longer be controlled using selective herbicides in the lupin phase and this has increased 
reliance on herbicides for both grass and broad-leafed weed control in wheat crops.  
Mike has provided some comparative operating costs for wheat grown in 2010 on similar paddocks 
following both wheat and lupins in 2009. Total direct costs are $82/ha higher in the wheat–on–
wheat compared with the wheat–on–lupins. As a result, breakeven yield on direct costs is 0.88t/ha 
following lupins compared with 1.3t/ha following wheat ($200/t). Mike estimates the 2010 yield 
potential to be 300-400kg/ha higher in the wheat following lupin paddock possibly due to the earlier 
seeding date and less weed competition. As a result, Mike is finding it increasingly difficult to grow 
wheat crops profitably on this country and this affects the profitability of his whole farm. While a 
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complete rotational gross margin is needed to compare the profitability of the different rotations, his 
crop costings highlight the rotational benefits of growing lupins when the season allows.  
A visit to his property on 14 September 2010 highlighted the challenges Mike faces in continuing to 
crop these areas. There was evidence of significant wind erosion, (blow outs) some of which had 
been fenced off and revegetated in the 1990s. Crop growth was variable with poor growth and poor 
establishment in many areas (see Figure 1.) There were, however, many areas where crop growth 
and yield potential looked reasonable given the limited 2010 rainfall.  
 
 
Figure 1 Poor crop growth on paddock area. Note good growth of trees along the fenceline in 
the distance.  
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Figure 2  Growth of trees along the fenceline 
 
Figure 3 An eroded area was fenced off and revegetated for rehabilitation. 
Some growers in the region are trialling new rotations that do not include lupins such as two wheat 
crops followed by a fallow. In some cases, they have had to acquire additional land to compensate 
for the fallowing of one-third of their arable land each year. Mike said that some farmers have had 
to spray their fallow four or five times with non-selective herbicides to achieve effective weed 
control in the chemical fallow phase. The economics of such a rotation are yet to prove themselves 
over a reasonable time frame. Mike would have to make major changes to the way he manages 
his farm to trial new rotations and for someone wanting to retire this is unlikely to happen. Even if 
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the system is profitable for others, there is no certainty that this system would be profitable for Mike 
due to differences between Mike’s property and his neighbours. Mike’s landscape includes dune 
fields while many of his neighbours do not. Sands in these areas are known to be finer and more 
vulnerable to wind erosion than other soil types. In addition, weeds on Mike’s property may also 
have higher levels of herbicide resistance, making in-crop weed control more expensive.  
Mike has done extensive landcare work since owning the property. Many of the tree lines and 
blocks he has planted are surviving well and have developed significant biomass, even on areas 
adjacent to poor crop (see figures 2 and 3). This highlights the potential for these areas to be used 
for carbon sequestration.  
Overall, there may be potential for land use conflict between conventional farming and carbon 
farming due to vermin, fires and weeds, although these appear manageable. Kangaroos and other 
feral animals inhabiting areas planted to trees may be a nuisance to conventional farmers, 
although rabbits can be managed through baiting with 1080 poison. Blocks of trees are vulnerable 
to fire and when neighbours harvest or burn header rows for weed management the threat of fire 
certainly increases. Permanent firebreaks around paddocks can minimise this threat. Blocks of 
trees also harbour weeds but as good weed control is essential for the growth of trees they are 
likely to be controlled.  
Some concern has been expressed about the potential for biomass plantings to displace 
agriculture from productive land. Carbon brokers appear to be targeting less productive soil types, 
probably due to the cheaper cost of less productive land. At this stage they may be unable to 
compete with broadacre agriculture for highly productive soil types due to higher land prices. 
However, the future is difficult to forecast because any change in the relative prices of carbon 
versus wheat would see the current economics change. 
Mike wishes to sell a 184-ha block of remnant vegetation within the 1560 ha block earmarked for 
carbon sequestration. Several hundred metres east of this lies another large area of remnant 
vegetation (160 ha). Planting the area between the two remnants to native perennials (such as oil 
mallees) will link the two remnant areas and provide a good conservation outcome.  
From the department’s perspective, Mike’s proposal to subdivide his property is likely to have 
mainly positive impacts on the agricultural industry in the NEAR. While the establishment of trees 
on 1560 arable hectares will reduce the grain production potential of the region, Mike’s experience 
has shown that crops produced on this area are seldom profitable. As profitability is essential for 
the survival of the agricultural industry, focusing cropping on more profitable areas should reduce 
business risk and improve the resilience of farm businesses in the region. If the 1560-ha block is 
sold, Mike’s remaining farm would be smaller and contains better soil types. This should make it a 
more attractive add-on block to an existing farm business looking to expand (or a buyer new to the 
region).  
Regional benefits of carbon plantations are difficult to quantify but certainly include reduced 
recharge, diversity of income and the protection of fragile soil types from wind erosion. However, 
the department would be concerned if significant plantings for carbon displaced broadacre 
agriculture on productive agricultural land in the area.  
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Case study 3    Subtropical perennial grasses on pale deep sands 
Pasture cropping at West Binnu  
The establishment of C4 perennial grasses on pale deep sands for grazing livestock is an 
emerging system in parts of the northern wheatbelt. These soils are generally considered 
unprofitable to crop due to physical and chemical constraints, including low water-holding capacity, 
low nutrient status and water repellence. They are also prone to wind erosion with extreme erosion 
events observed on these soils in the West Binnu area during the drought seasons of 2006 and 
2007. Areas established to C4 grasses before 2006 showed excellent drought tolerance and 
generally protected soil from erosion while providing valuable livestock feed during a time of 
extreme shortage. The value of growing perennial grasses on pale deep sands in a livestock-
based farming system has been well established (MIG, 2007). For growers without livestock 
however, profitable land use options for these soils are more limited.  
In 2007 Colin Seis, a farmer from New South Wales, presented seminars in the Northern 
Agricultural region (NAR) explaining his system of over-cropping perennial grasses with annual 
crops. The concept of being able to produce annual grain crops on paddocks established to 
perennial pasture generated much interest. Some growers then visited New South Wales to see 
over-cropping of pastures for themselves. Several growers from the Binnu region commenced 
trials of growing crops in perennial grass paddocks in 2009. The experiences of two of these 
growers have been captured in case studies by the Evergreen Farming Group (website accessed 
May 2011) and by Dolling, et al. (2011) and provide the basis for this case study.  
Grazing perennial grasses 
Jim Wedge has been growing perennial grasses on his property at West Binnu since 2005. During 
the drought seasons of 2006 and 2007, the small area of grasses Jim had established the previous 
year suffered considerably less wind erosion than annual-based pastures. The grasses also were 
able to maintain stocking rates of 4 DSE/ha whereas the annual pastures could only support 1.4 
DSE/ha. Jim believes the farming system he is working towards is more drought tolerant, responds 
quicker to rain at any time of the year and reduces the risk of wind erosion during droughts. He 
trades cattle as well as maintaining a core breeding herd and this combination provides the 
flexibility to alter livestock numbers quickly in response to seasonal conditions.  
Jim has trialled cropping over perennial grasses with oats (over-cropping) between rows of 
tagasaste using an altered combine with a Walker triple-disc attachment and press wheels. This 
zero-till machine avoids ripping established perennials from the soil. Jim’s aim was to increase 
feed supply, particularly during winter when growth of perennial grasses slow. By sowing a low rate 
of oats (30 kg/ha) into his perennial pastures, he was able to provide additional feed for his 
livestock without damaging the perennials. 
When seeding oats into perennial pastures, Jim applied 30 kg/ha MAP extra. While this may have 
increased input costs, he believes the benefits included increased feed quality and quantity, 
improved soil health and increased organic matter.  
In September 2010—one year after the perennials were planted—perennial establishment was 
poor. However, by pasture cropping the area, the growth of the oats compensated for the lack of 
growth of the perennial grass and provided feed for Jim’s livestock during the 2010 season.  
Jim believes the benefit of the additional feed supplied by pasture cropping outweighed the 
additional costs in seed, fertiliser and seeding. The oats grown over the top of the perennials 
produced 125 bales (5 bales/ha) and sustained two rounds of grazing 60 yearling steers (300 
kg/head), which is equivalent to 16 DSE/ha. 
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The perennials provided Jim with feed at times of the year when most growers are reliant on 
handfeeding. They also played an important role in minimising the risk of soil erosion. The pasture 
cropping with oats provided additional feed within the growing season when growth of subtropical 
grasses slows. Some could also be cut for hay enabling Jim to carry increased livestock numbers 
for greater periods and hence to increase profits. 
Over-cropping pastures 
By growing annual crops over perennial grasses, Jim is aiming to produce more feed for his 
livestock enterprise. Other growers are investigating the possibility of over-cropping perennial 
pastures for the production of grain (wheat and lupins). A detailed case study was conducted as 
part of the Future Farm Industry CRC’s EverCrop-WA project with Murray, Jenny and Kyle Carson 
from West Binnu. The Carsons run a crop-focused farming system where some perennial grasses 
have been established in an attempt to generate income from pale deep sands that were generally 
unprofitable to crop. A small herd of cattle did use the perennial grasses, mainly in winter when 
pastures are limited due to the high proportion of crops grown. This practice differs from the 
approach of other growers who often use the perennial grasses to provide feed during summer and 
autumn. With their cropping focus, the Carsons were very interested in the concept of producing 
grain on paddocks established to perennial grasses.  
In 2009 and 2010 they conducted trials investigating the feasibility of over-cropping perennial 
grasses with wheat and lupin crops. While grain yields were disappointing, the seasons 
experienced were not favourable for grain production. They observed that perennial grasses grow 
all year when moisture is available and this was very different from in other parts of Australia where 
cooler conditions enforce a longer period of dormancy in C4 grasses. It may be that the warmer 
conditions experienced in the NAR would result in more crop competition from the perennial 
grasses and this may have a negative impact on crop yields.  
The Carsons intend to continue trialling pasture cropping for at least another season. They have 
established perennial grasses on their poorest pale sands and they speculate that the underlying 
soil type may be limiting crop yields. They would be unwilling to expand pasture cropping beyond 
the trial area onto better soil types if the added competition from the pastures decreased crop 
yields. Recent changes within their farm business have seen an expansion of their cropping 
program onto a newly acquired block as well as the sale of all their cattle. While they currently 
have no stock to use the perennials, they do not dismiss the possibility of running stock in the 
future. They still view perennial grasses as beneficial from a land degradation perspective.  
Discussion 
While grazing perennial grasses established on pale deep sands might be profitable for growers 
with a livestock focus, many growers in the NEAR do not own or run livestock. Non-grazing land 
use options on these soils are currently limited. Preliminary results indicate that over-cropping 
perennial grasses with grain crops may not produce profitable yields although further research is 
required to investigate this possibility. A number of challenges with an over-cropping system have 
been identified through the preliminary trial work and case studies. These include: 
 generally disappointing yields from crops grown over perennial grasses 
 inherent limitations of the soil type limiting crop yield potential independent of the presence of 
the C4 grasses  
 active growth of C4 grasses and competition with the annual crop due to the mild NAR climate. 
Areas further south may be cold enough to reduce any competition effect  
 different herbicide tolerance between the annual crop and C4 grasses making weed control 
difficult without damaging the pasture  
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 inability to graze perennial pastures where crops have been established creating conflict 
between the cropping and grazing enterprises.  
Conclusions 
For growers with livestock, grazing perennial grasses may be profitable and the possibility of over-
cropping fodder species such as oats may provide additional feed during the growing season 
without having a negative impact on the growth of the C4 grasses. Preliminary results suggest that 
growing profitable grain crops on areas established to C4 grasses may be difficult. Even without 
the presence of C4 grasses, many growers are unable to generate profitable yields on their pale 
deep sands. For growers without livestock, profitable management options on these soils remain 
limited. While they could establish C4 grasses to reduce issues with erosion, such an option is 
reasonably expensive when income generation is nil. There is an unsubstantiated possibility that 
C4 grasses may sequester carbon and that income could be generated from this in the future. 
While this is a possibility, for growers without livestock a lower risk option may be the 
establishment of woody perennials (such as oil mallee) for the purpose of carbon sequestration.  
Summary 
 
 Growing perennial grasses on unproductive pale deep sands can be profitable in a farm 
business that includes livestock.  
 These perennials also stabilise the paddock, minimising erosion risk.  
 For growers without livestock, profitable management options on these soils remain limited. 
 An emerging opportunity may be carbon plantings. 
 Research is needed to investigate the best native species to use in carbon plantings on these 
soil types.    
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Case study 4 Liming acidic subsoils 
1.1.1 Key messages 
 Spading without the application of lime reduced subsoil aluminium levels. 
 Incorporation of the higher rates of lime by spading lifted low subsoil pH levels to overcome 
subsoil acidity. 
 Spading increased crop biomass and yield and a return on investment on the wheat crop was 
achieved in the first year.  
 No yield benefit from lime incorporation was achieved in the first year but continued monitoring 
may reveal yield benefits over the next few years.  
 Spading in lime is not a ‘one size fits all’ approach but may be used in targeted areas where 
soil testing indicates an aluminium toxicity problem.  
Spading in lime  
Agricultural consultant, Craig Topham from Agrarian Management, is working with a client at Three 
Springs who noticed zones across his farm were achieving poor grain yields. The soil on the farm 
ranges from heavy yellow sand to a sandy loam—potentially good cropping soils but apparently 
limited by a chemical problem.  
Why try spading in lime? 
Working with his client, Craig consulted the 2009 yield maps to locate the poor-yielding areas in 
otherwise good cropping country. He also ran soil tests in these poor-performing areas to identify 
the cause so that an appropriate strategy could be developed to achieve a yield response. Soil 
tests performed in 2010 in one paddock showed that the surface pH in some areas was acceptable 
but the subsoil pH was low (4.2–4.5) and there were massive concentrations of aluminium at depth 
(ranging from 4.8–14.0), which corresponded to the areas of poor yield.  
What was involved?  
The farmer attempted to fix the problems of subsoil acidity and aluminium toxicity—and to increase 
crop yields in the poor-performing areas—by spading in lime. The cost of the operation was about 
$130/ha for the spading, with lime at $7/t plus freight of 10c/t/km, depending on the location of the 
lime source. However, if the subsoil acidity and aluminium toxicity problems could be rectified, then 
the farmer hoped the benefits from increased yields in the poor-performing areas would 
compensate for these costs. He set up two trial paddocks containing the poor-performing areas 
with high subsoil aluminium and low pH. These paddocks had been surface limed in 2009 at 1.5 
t/ha. In 2010, lime was spaded in to a depth of 25 cm in strips across both paddocks at the rates of 
nil 1.6 t/ha, 3.2 t/ha, 4.8 t/ha (Paddock A) or nil, 1.8 t/ha, 3.6 t/ha and 5.4 t/ha (Paddock B). They 
were compared to control strips with no spading. The paddocks had been in a rotation of wheat–
wheat–canola, so paddock A was sown to canola and paddock B to wheat.  
What was the result? 
In July 2010 a visual response to spading was evident in both the canola and the wheat (figures 1 
and 2). Soil tests performed in July revealed that, in general, spading reduced the toxic levels of 
aluminium for both the wheat and canola paddocks. However, at the start of the season, paddock 
B (sown with wheat) had much higher toxic aluminium levels than paddock A (sown with canola) 
(tables 1 and 2). 
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(a) (b)  
Figure 1  Height difference evident in the canola crop (29 July 2010) between (a) spaded and (b) un-spaded plots 
in paddock A. Photographs courtesy of Dr Stephen Davies 
 
(a)  (b)  
Figure 2 Plant density difference evident in the wheat crop (29 July 2010) between (a) spaded and (b) unspaded plots. 
Photographs courtesy of Dr Stephen Davies 
 
Canola 
Soil tests showed that incorporation of the higher rates of lime (3.6 t/ha and 5.4 t/ha), using 
the spader successfully lifted the low subsoil pH in the canola paddocks to above 4.5 (Table 
1a). Spading—either on its own or incorporating lime—generally tended to reduce the 
extractable aluminium levels to less than 5 mg/kg where only sensitive crops are affected 
(Table 1b).  
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Table 1a Mean soil pH values for the various treatments in paddock A, sown with canola in 2010. Subsoil 
pH levels below 4.5 are shaded. 
Soil 
depth 
(cm) 
Soil pH (CaCl2) 
Nil 
control 
Nil 
spaded 
1.8 t/ha 
lime 
control 
1.8 t/ha 
lime 
spaded 
3.6 t/ha 
lime 
control 
3.6 t/ha 
lime 
spaded 
5.4 t/ha 
lime 
control 
5.4 t/ha 
lime 
spaded 
0–10 5.43 4.93 5.77 5.23 5.73 5.53 5.57 5.80 
10–20 4.37 4.87 4.47 5.53 4.30 5.37 4.30 4.67 
20–30 4.37 4.53 4.63 4.20 4.93 4.93 4.53 4.83 
30–40 4.97 4.83 4.87 4.73 4.97 4.93 4.80 4.97 
Table 1b Mean extractable aluminium values for the various treatments in paddock A, sown with canola in 
2010. Subsoil extractable aluminium levels > 5 mg/kg are shaded. 
Soil 
depth 
(cm) 
Extractable aluminium (mg/kg) 
Nil 
control 
Nil 
spade 
0.3d 
1.8 t/ha 
lime 
control 
1.8 t/ha 
lime 
spaded 
3.6 t/ha 
lime 
control 
3.6 t/ha 
lime 
spaded 
5.4 t/ha 
lime 
control 
5.4 t/ha 
lime 
spaded 
0–10 0.3 2.5 0.3 0.7 0.2 0.5 0.5 0.2 
10–20 7.7 3.4 5.0 1.3 5.2 1.6 9.5 2.0 
20–30 7.6 3.5 8.0 5.6 3.7 2.0 8.0 1.3 
30–40 1.7 1.5 2.1 1.3 1.0 1.5 6.0 1.2 
The roots of the canola were severely stunted in the unspaded plot clearly demonstrating the 
barrier of subsoil acidity and aluminium toxicity restricting access to subsoil moisture. In the 
spaded plots in July, the canola was taller (Figure 1). Despite the increased biomass, only a 
small yield increase of 200 kg/ha was seen; probably due to the dry finish to the season. At a 
canola price of $600/t, however, this was still considered a worthwhile result but did not 
cover costs (Figure 3). There was no additional yield effect due to the lime because the roots 
were shallow and poor finishing rains in September meant that the lime was not fully 
mobilised.  
Wheat  
Soil testing showed that the wheat paddock had a low pH of less than 4.5 at depth and high 
aluminium. Spading alone was insufficient to overcome the subsoil pH problem although it 
still resulted in a decline in topsoil pH. Incorporation of the highest rate of lime (5.4 t/ha) 
significantly increased the subsoil pH overcoming the acidity problem (Figure 2a). Aluminium 
levels were very high in the subsoil particularly in the 10–30 cm layer (Figure 2b). 
Incorporation of lime with the spader reduced the aluminium levels in the subsoil but they 
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were still at toxic levels. With more opportunity for the lime to react when the soil gets wet, it 
is hoped that these treatments may further reduce the soil aluminium.  
A higher plant density in the rows of wheat was seen in the spaded plots in July (Figure 3). 
Spading increased the wheat yield by varying amounts across the plot ranging from 0.3 t/ha 
to 1 t/ha.  
Table 2a  Mean soil pH values for the various treatments in paddock B sown with wheat in 2010. Subsoils 
with pH levels below 4.5 are shaded. 
Soil 
depth 
(cm) 
Soil pH (CaCl2) 
Nil 
control 
Nil 
spaded 
1.8 t/ha 
lime 
control 
1.8 t/ha 
lime 
spaded 
3.6 t/ha 
lime 
control 
3.6 t/ha 
lime 
spaded 
5.4 t/ha 
lime 
control 
5.4 t/ha 
lime 
spaded 
0–10 5.57 4.67 5.37 4.90 6.10 5.90 6.23 6.43 
10–20 4.47 4.10 4.40 5.13 4.20 5.23 4.23 4.93 
20–30 4.33 4.30 4.13 4.50 4.40 4.43 4.43 5.37 
30–40 4.80 4.43 4.43 4.53 4.43 4.70 4.27 4.97 
Table 2b. Mean extractable aluminium values for the various treatments in paddock B sown with wheat in 
2010. Subsoils with toxic extractable aluminium levels>5 mg/kg are shaded. 
Soil 
depth 
(cm) 
Extractable aluminium (mg/kg) 
Nil 
control 
Nil 
spaded 
1.8 t/ha 
lime 
control 
1.8 t/ha 
lime 
spaded 
3.6 t/ha 
lime 
control 
3.6 t/ha 
lime 
spaded 
5.4 t/ha 
lime 
control 
5.4 t/ha 
lime 
spaded 
0–10 0.5 1.8 0.9 1.4 0.2 0.2 0.2 0.2 
10–20 9.8 3.6 11.6 2.0 8.8 1.7 7.8 7.0 
20–30 8.7 6.6 17.9 9.8 16.3 9.4 14.5 9.5 
30–40 2.4 2.4 8.9 4.6 11.0 3.9 11.0 5.3 
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Figure 3 Net return per hectare for (a) wheat and (b) canola paddocks on spaded and unspaded plots for 
different lime application rates. Graphs courtesy of Craig Topham, Agrarian Management 
In the wheat plot, the full cost of spading and liming was covered. In addition, an extra 
$50/ha was made in the first year at the highest application of lime (Figure 3a). The canola 
yield increase was not high enough to cover costs (Figure 3b). Craig and his client were very 
happy with a return on investment on the wheat, which was realised in a short eight-month 
time frame.  
The farmer hopes the spading and lime treatment from 2010 will continue to achieve 
additional yield benefits in response to the lime over the next few years. Due to the soil-
loosening effect of spading, he also thinks he may be able to delay the next deep-ripping 
treatment.  
Costs/negatives 
Spading in lime is not a ‘one size fits all’ approach for all unproductive paddocks. This trial 
was performed on good cropping soil limited only by a chemical barrier that was identified by 
soil testing. Removal of the chemical barrier, therefore, was likely to achieve a response. 
This approach would be completely unsuitable on poor cropping soils (e.g. ‘gutless’ white 
sands) as a similar yield response would be unachievable. Before choosing to use spading 
(or any other soil inversion technique), it is important to conduct soil tests in order to target 
the areas where a response is likely to be achieved.  
Spading is a slow process due to the slow speed of about 7 km/h required for optimum 
technique. Increasing speed even to 10 km/h can reduce the potential benefits. After 
spading, the soil is very loose making it difficult to maintain the correct seeding depth 
resulting in some seed burial. This was evident in the canola paddock where there were 
some very thin patches. It is easier to avoid this problem when sowing wheat by choosing a 
long coleoptile variety such as Magenta.  
Once the paddock has been spaded, there is a high risk of wind erosion. In this case, the 
farmer was lucky as there was no significant wind event at the time of spading and he only 
spaded a small area of a few hectares. The risk can be reduced by spading into a good 
stubble and sowing with a cover crop as soon as possible after spading.  
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Limited rainfall in the 2010 season (192 mm at Three Springs from April to October) meant 
that the soil did not get wet enough for the lime to fully react and achieve additional yield 
benefits from lime incorporation. However, the spading treatment alone diluted the 
aluminium at depth allowing the roots to penetrate the subsoil. The roots were able to 
access the soil moisture and nutrients, resulting in a yield response.  
Ongoing work 
The trial paddocks will not receive any further treatments but will continue to be assessed 
annually for a yield response to lime. The farmer intends to apply additional surface lime at 
1.5 t/ha every three years and to spade the site again in five years. 
Acknowledgments 
Thanks to Dr Stephen Davies (DAFWA) for soil testing, photographs and analysis of the 
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Case study 5 Rotary spading and mouldboard ploughing: new 
technologies for ameliorating unproductive soils? 
Over the past few years, growers and researchers in the Northern Agricultural region NAR) 
have been examining the agronomic and productivity benefits of a one-off inversion of 
sandplain soils using mouldboard ploughs and, more recently, partial soil inversion with 
rotary spading (Newman and Davies, 2009; Davies et al., 2010). These technologies have 
had some productivity benefits through removing subsoil compaction and overcoming water 
repellence in addition to other agronomic factors. They are also being investigated as a 
means of incorporating lime to overcome subsoil acidity.  
Overcoming water repellence 
Spading and mouldboard ploughing of water-repellent sandplain soils have usually resulted 
in increased wheat yields. A summary of three years of trial data across the Northern and 
Central Agricultural regions shows a wide range of positive wheat yield responses to 
mouldboard ploughing and rotary spading up to three years after the soil tillage treatment. 
Table 1 Summary of wheat yield responses to mouldboard ploughing and rotary spading over three years 
of trials in Northern and Central Agricultural regions 
 Mouldboard plough Rotary spader 
 Number 
of trials 
Average yield 
response 
(kg/ha) 
Range of yield 
response 
(kg/ha)  
Number 
of trials 
Average yield 
response 
(kg/ha) 
Range of yield 
response 
(kg/ha) 
Year 1 15 639 38–1965  10 709 200–1200  
Year 2 2 297 38 & 555  1 500 500  
Year 3 3 272 0–1633  — — — 
Source: Dr Stephen Davies, DAFWA 
The yield increases generally resulted from overcoming a number of different soil constraints 
and agronomic benefits and can be partly attributed to a soil loosening, deep-ripping effect 
(Davies et al., 2010). Both spading and mouldboard ploughing have been shown to 
effectively remove water repellence (Davies et al., 2010; Davies and O’Callaghan, 2011). 
For example, water droplet penetration time—a measure of water repellence—was 
significantly reduced in two trials on moderately and highly water repellent soils, although not 
necessarily achieving a corresponding yield increase in the same year (Table 2). At the 
Badgingarra site, the low yield response was partly due to difficulties seeding the soft-
ploughed soil resulting in seed being sown too deep (Davies et. al., 2010). 
Table 2 Effect of spading and mouldboard ploughing on soil water repellence and grain yield  
 Water droplet penetration time 
(seconds) 
Machine harvested wheat grain yield 
(t/ha) 
 Marchagee Badgingarra  Marchagee Badgingarra 
Control 182 320 2.1 2.0 
Spader 5 11 2.9 2.2 
Mouldboard plough — 1 — 2.4 
Source: Davies et al., 2010 and Davies and O’Callaghan, 2011  
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Mouldboard ploughing has several additional agronomic advantages including: (1) 
controlling weeds by completely burying weed seeds (Davies et al., 2010; Newman and 
Davies, 2010); (2) bringing subsoil with a higher clay content to the soil surface; (3) altering 
subsoil pH; (4) potentially improving nutrient availability; (5) reducing disease incidence; and 
(6) reducing residual herbicide carryover (Davies et al., 2011). The research to date 
suggests that soils with loamy-sand textured subsoil (typically yellow in colour) and soils with 
a sandy surface but with reasonable subsoil water-holding capacity respond best to soil 
inversion (Davies et al., 2011). 
Overcoming soil acidity 
Farmers in the eastern districts of the NEAR identified their deep acid sandplain soils as 
consistently unproductive (Section 3.3). The question was: Is there a cost-effective liming 
option to increase pH and overcome aluminium toxicity to make these soils productive 
again?  
Several years of DAFWA trial data shows that wheat yields on Western Australia’s acidic 
soils increase by 8–12% after the application of good quality surface lime but this response 
takes several years to achieve (Gazey and Davies, 2009). Deep placement of lime has 
achieved quicker yield responses of 20–30% but is expensive and impractical to implement 
on a broadacre basis (Gazey and Davies, 2009).  
Some growers and researchers are investigating the use of mouldboard ploughing and 
rotary spading as a more practical way to incorporate lime into acidic subsoils and 
ameliorate them in a shorter time frame. In three trials, there has been no observed yield 
response to the incorporation of lime after one or two seasons, although soil pH has been 
increased. However, a yield benefit has been observed from mouldboard ploughing alone. 
The subsoil acidity at the trial sites is not yet severe enough to cause aluminium toxicity, 
which may explain the lack of response to lime (Gartner and Davies, 2009 and 2010; Davies, 
2009; Hollamby and Davies, 2011). Therefore, at this stage, the success of ameliorating 
soils by spading or ploughing in lime is inconclusive. A yield response to the application of 
lime may be seen in future seasons as the untreated soil continues to acidify.  
One farmer’s experience of incorporating lime into an acidic subsoil using a rotary spader is 
described in the case study in Section 3.1.6. In this example, amelioration of the subsoil 
acidity and aluminium toxicity enabled a cost-effective increase in productivity. However, the 
area would not be considered a consistently unproductive wodjil soil.  
Economic viability of incorporating lime  
While some soil amelioration strategies such as liming, claying and rotary spading are often 
profitable in higher rainfall areas, the lower yield potential in the NEAR reduces the likelihood 
of these practices being profitable in the short term. APSIM–wheat simulation of the wheat 
yield response to removal of subsoil constraints, such as soil acidity, showed that larger 
positive yield responses were more likely at high rainfall locations and on light textured soils 
(Farre et al., 2010). Negative yield responses were more frequent in drier locations or in dry 
seasons when removal of the constraint allowed greater root growth and subsequent water 
use, thereby leaving less water and nutrients available for grain fill (Farre et al., 2010). This 
study highlights the importance of targeting areas where tillage techniques and other soil 
treatments are likely to achieve a substantial yield response so that farmers can be confident 
that their investment will be worth the risk. These areas may be soils that are developing, or 
at risk of developing, acidity due to cropping but that are not already classified as wodjil 
soils. 
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We conducted a simple sensitivity analysis to indicate the yields required to generate a 
positive operating surplus using rotary spading or mouldboard ploughing for different rates of 
incorporated lime application (Table 3a). Operating surplus was calculated as the difference 
between the income received from wheat and the variable costs of liming the soil and 
growing the crop (Table 3b). Fertiliser and herbicide costs were collected from farmers 
belonging to the North East Farming Futures (NEFF) group who used ‘medium’ amounts of 
fertiliser and herbicide. Lime supply, freight and spreading costs were obtained from local 
suppliers. These costs in the absence of soil amelioration amount to $190/ha. For this 
analysis, it was assumed that lime was transported a distance of 200 km from the supplier. 
Other input costs were obtained from consultation with local economists and were 
considered representative of growers in the NEAR. Income from wheat was calculated for 
three farm-gate wheat prices of $200/t, $250/t and $300/t.  
The wheat yields required to cover costs in the first year are shown in Table 3a. For a farm-
gate wheat price of $200/t, a wheat yield of 2 t/ha to more than 2.25 t/ha is needed to cover 
the cost of growing the crop, depending on the rate of lime application. This means that a 
yield increase ranging from 0.8 t/ha to 1.3 t/ha (depending on the liming rate) is required to 
cover the cost of only the spading and liming treatment in one year (data not shown). In fact, 
the yields required could be even higher as this analysis did not include the extra costs of 
nutrition and freight to port of a higher yielding wheat crop. At higher wheat prices (e.g. 
$300/t), lower yields are needed to pay for the cost of growing the crop and ameliorating the 
soil (e.g. 1.25–2 t/ha). The yield increases required to cover the cost of only the spading and 
liming treatment in one year (data not shown) ranges from 0.5 t/ha to 0.9 t/ha (depending on 
the liming rate). It should be noted that for mouldboard ploughing it might be necessary to 
spread lime both before and after ploughing to ameliorate the acidic subsoil brought to the 
surface by inversion, so this may well cost more. However, this may be partly offset by the 
weed control benefits of complete inversion that can often result in reduced herbicide costs. 
Table 3a. Sensitivity of operating surplus ($/ha) to wheat yield and price for three different 
rates of lime  
 
 Farm-gate 
wheat price 
($/t) 
$200/t $250/t $300/t 
 Lime rate 
(t/ha) 
1 t/ha 2 t/ha 4 t/ha 1 t/ha 2 t/ha 4 t/ha 1 t/ha 2 t/ha 4 t/ha 
W
h
e
a
t 
y
ie
ld
 (
t/
h
a
) 
0.5 –$255 –$286 –$352 –$230 –$261 –$327 –$205 –$236 –$302 
1.0 –$155 –$186 –$252 –$105 –$136 –$202 –$55 –$86 –$152 
1.25 –$105 –$136 –$202 –$42 –$73 –$139 $20 –$11 –$77 
1.5 –$55 –$86 –$152 $20 –$11 –$77 $95 $64 –$2 
2 $45 $14 –$52 $145 $114 $48 $245 $214 $148 
2.25 $95 $64 –$2 $208 $177 $111 $320 $289 $223 
Note: 
Cells are shaded where there is a positive operating surplus indicating approximate wheat yields 
needed to pay for the cost of growing the crop at each wheat price and lime application rate.  
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Table 3b Costs used in the sensitivity analysis 
Costs $/ha 
Seed/seed treatment 20 
Fuel and oil 25 
Repairs 20 
Labour 12 
Insurance 3 
Fertiliser 83 
Herbicide 18 
Overdraft 9 
Spading or mouldboard ploughing contractor 130 
Lime supply, spreading and freight at 1 t/ha 35 
Lime supply, spreading and freight at 2 t/ha 66 
Lime supply, spreading and freight at 4 t/ha 132 
Lime $7/t; spreading $8/ha (at 1 t/ha), $12/ha (at 2 t/ha)  
$24/ha (at 4 t/ha); freight 10c/t/km for a distance of 200 km 
The economic viability of incorporating lime into wodjil soils depends on the extent of the 
yield benefit that can realistically be achieved by the treatment and whether this benefit 
continues in future seasons. There is ample evidence that lime can improve yields of crops 
grown on ameliorated soil compared with crops grown on untreated acidic soil for more than 
a decade (Gazey and Davies 2009). There is also now strong evidence that the benefits of 
mouldboard ploughing and rotary spading last well beyond one year. Further work is 
required, however, to see whether incorporating lime in wodjil soils will result in the same 
kind of long-term benefits. Cheaper tools for incorporating lime, such as deep working one-
way disc ploughs, may prove a more cost-effective alternative than spading and mouldboard 
ploughing where subsoil acidity is the primary constraint to be overcome.  
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Case study 6 Incentives for changing land use 
Incentives for revegetation have traditionally been a major component of Landcare funding 
provided by state and federal governments over the past 25 years. In the NEAR, such 
incentive schemes are currently coordinated by the Northern Agricultural Catchments 
Council (NACC). (See www.nacc.com.au for updated information.) Incentives for 
permanently revegetating unproductive soils were also highly ranked by growers in our 
survey as a means of changing land use on these soils.  
Revegetation 
Another option for growers with areas of consistently unproductive soils has been 
revegetation with trees and shrubs. The farmer survey conducted by this project found that 
75% of farmers were willing to permanently revegetate these soils. NACC is currently 
implementing an Australian Government Initiative through the Caring for our Country 
program that provides landholders with subsidies for establishing native trees and shrubs in 
a bid to mitigate wind erosion. Under the scheme, landholders are able to access funding for 
fencing, seedlings, weed control and rabbit control. Guidelines state that the minimum area 
considered for funding is 5 ha. 
Perennial pastures 
Under the same Caring for our Country program, landholders are able to apply for incentives 
to establish perennial pastures on suitable land, including saltbush for salt-affected land. 
Areas for perennial pastures must be between 20 and 80 ha. The program may prove a 
valuable incentive for landholders with pale deep sands who are into grazing as part of their 
business.  
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Case study 7 Variable Rate Technology (VRT) 
 There are insufficient financial benefits to justify adoption of VRT for consistently 
unproductive soils alone. 
 Growers may adopt VRT because of other whole-farm benefits, and this will help reduce 
losses on consistently unproductive soils.  
Variable rate technology (VRT) refers to the use of seeding machinery that allows on the run 
alterations to seed and fertiliser rates during the seeding process. This theoretically allows 
more efficient use of inputs to match the yield potential (crop requirements) across various 
soil types within a paddock. To utilise VRT, paddocks need to be mapped into zones 
according to their various yield potentials (i.e. soil types). 
Various methods are used for creating a paddock map that shows the zones of yield 
potential within a paddock. These include: (1) grower knowledge; (2) aerial photos; (3) yield 
maps; (4) soil testing history; (5) electromagnetic (EM38) soil mapping and gamma ray 
technology; or any combination of these. This project invested in an activity looking at 
alternative methods to generate paddock zone maps. Very little work has been done on the 
highly technical and expensive option of EM38 and gamma ray technology in low rainfall 
areas. This technology allows areas within paddocks with different yield potential to be 
defined. As well as identifying poor performing areas of a paddock, it may also provide 
insight into the potential to ameliorate these areas, raising their yield potential.  
The aim of the case study was to investigate if this technology can provide a better return on 
the input cost investment. The North East Farming Futures (NEFF) group also invested in a 
similar venture on another farm within the NEAR (Appendix E). 
The growers survey (Section 4.1) discovered some farmers were using VRT to manage 
these consistently unproductive soils within their paddocks. The survey responses indicated 
a wide range in input rates for fertilisers, prompting the question why. Follow-up discussions 
with respondents indicated some were treating all parts of the paddock equally with either 
high or reduced inputs. Other growers used VRT to segregate areas within a paddock 
according to their yield potential and adjusted crop inputs accordingly. The consistently poor 
performing areas were just one section within the paddock where inputs were reduced.  
Many studies have shown the relative benefits of VRT use. Some key points from the 
literature indicate: 
 Distinct areas within the paddock where yields are at least 1 t/ha different warrants 
investment into VRT. 
 Best practice consists of reducing inputs on lower yielding areas while sometimes 
increasing inputs on high potential soils. 
 Financial benefits are highly variable but usually around $15/ha/year (can be as high as 
$60/ha). 
 The cost of adoption is between $50 000 and $200 000. 
 Some case studies indicate a payback period of between one and four years for this 
investment. 
These studies were not focused on consistently poor performing areas where a positive 
return is not likely even with significantly reduced inputs (see tables 4.4a and 4.4b in section 
4.3). These tables indicate that even with VRT allowing inputs to be reduced, these areas 
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will not generate a positive return until crops reach 0.5 t/ha, when wheat is at $300/t, and 
0.75 t/ha when what is at $200/t. This surplus does not include living or fixed costs, and 
hence these areas of the farm are still costing money overall to the business, but once they 
reach these specified yields they are at least paying off the direct costs to crop them.  
 
Does VRT pay on consistently unproductive soils? 
Assume a 5000 ha farm with 10% consistently poor performing areas (i.e. 500 ha). If the 
benefit from VRT was indeed approximately $30/ha (tables 4.4a and 4.4b)—the difference 
between medium and low inputs—then there would be a $15 000 whole-farm benefit each 
year. If VRT establishment costs totalled $80 000, almost eight years would be required to 
pay for the investment. This is double that previously reported in other case studies. Hence, 
adopting this technology purely for managing poor soils alone would not justify the expense. 
If VRT allowed inputs to be better matched to yield potential across all soil types then the 
benefits would be greater and the payback period shorter. This would more easily justify 
adoption.  
The results from the case study analysis conducted by Agrarian presented in Appendix E 
show that there can be significant returns from using VRT, even in dry years such as 2010. 
Despite the first year of investigation being very low yielding, a reduction in input costs 
averaged across the paddock returned almost 50% of the initial costs of the exercise. 
Indeed, the technology allowed a saving of almost $8000 alone from simply reducing inputs 
on the poor performing areas. This does not include the cost of adopting VRT.  
Detailed soil chemical analysis was conducted to help understand if subsoil constraints could 
be ameliorated to overcome yield limitations. If an obvious yield limiting factor can be 
identified (subsoil acidity in this case), then VRT can be used to target amelioration (lime) at 
this area alone without incurring costs across the whole paddock. A lime package was 
developed for this particular paddock as a result of the work. Due to the long-term nature of 
benefits from lime applications, we do not yet know the financial implications of this 
treatment.  
References 
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4.3  Economics  
4.3.1 Economic analysis of consistently unproductive soils of the NEAR 
 Gross margin analysis of variable costs (direct inputs) and total income indicated that in 
seasons producing average yields from typical inputs, the consistently unproductive soils 
returned a negative gross margin from average grain prices. 
 If growers were to stop cropping these areas entirely, whole-farm profit would be 
increased. 
 Positive operating surpluses are more likely to be achieved if inputs are reduced and 
grain prices are high. 
4.3.2 Background and aim 
Approximately 10% of soils in the NEAR were identified as being consistently unproductive 
by growers and soil scientists. Many growers continue to crop these soils due to limited 
financially viable alternatives. The financial implications of cropping these soils are unknown.  
The aim was to conduct gross margin economic analysis of typical crop production and costs 
on the consistently unproductive soils located on the properties in the NEAR. 
4.3.3 Limitations 
The data obtained from the survey alone was deemed insufficient to perform the economic 
analysis for two reasons. First, of the 73 surveys returned, five were still incomplete and 15 
farmers did not crop their unproductive soils at all. Hence, information was obtained only 
from the 53 remaining completed surveys. This made it difficult to conduct an analysis, as 
the data obtained from the remaining 53 growers did not necessarily relate to the same soil 
type. Hence, we had a reduction in the number of growers that provided information on the 
relevant soil types. This meant that we were unable to get accurate input data to carry out 
whole-farm analysis as was intended through the use of the Simulated Transitional 
Economic Planning (STEP) model. Instead, we had to carry out gross margin analysis for 
each of the soil types. 
Second, it appears that most growers treat their unproductive soils similarly to the rest of the 
paddock, although there was evidence of some variable rate technology (VRT). Yields given 
in the surveys showed farmers tended to take a paddock average rather than select just the 
unproductive areas, and so responses seemed much higher than we expected. Detailed 
reports showed actual yields on these soil types were much lower and, although recent 
advances in on-farm yield monitoring equipment has enabled farmers to identify the location 
of these patches, alternative management strategies for these poor regions have not been 
implemented widely (O’Callaghan 2008). The survey showed a wide range of responses in 
regard to inputs and for this reason more interrogation of the survey respondents was 
required to develop qualitative data rather than quantitative data. 
4.3.4 Method 
The operating surplus was calculated from the data collected for each identified soil type. 
This surplus is the farm income less operating costs. The information is needed in order to 
measure the return of an activity before taking into account the depreciation expense 
(Planfarm Bankwest Benchmarks, 2009). Salt-affected soils were left out as they are not 
cropped. Due to a wide variety of higher than expected yields retrieved from the surveys, 
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operating surplus was calculated with sensitivity analysis for yield at a given farm-gate price 
for wheat (operating return) using the following formula: 
Operating surplus = Operating return – Operating costs 
= (Yield x Grain price) – (Fixed operating costs + Fertiliser costs + 
Chemical costs + Overdraft) 
Several individual survey respondents were interviewed, along with economists and 
agronomists to determine the operating costs ($Effective/hectare). Operating costs were 
divided into four main categories: (1) fixed; (2) fertiliser; (3) chemical; and (4) overdraft. The 
fixed operating costs were estimated values using Planfarm Bankwest Benchmarks and 
discussions with economists. The costs shown in Table 4.1 apply to all soil types in each 
grower group area.  
Table 4.1  Fixed operating costs of a typical NAR < 350 mm rainfall farm  
Costs $/ha 
Seed/treat 20 
Fuel/oil 25 
Repairs 20 
Labour 12 
Insurance 2.5 
Total 79.5 
Source: PlanFarm Bankwest benchmarks 2008–09 
 
Because of the range in responses from the survey, it was decided to categorise different 
input strategies into three broad levels of inputs. This reflects those growers who treat the 
area similarly to the rest of the paddock (high and medium inputs) as well as those that may 
use VRT or have the capacity to significantly reduce input levels (low inputs). In accordance 
with these practices, fertiliser and chemical operating costs were developed for each input 
level and each individual soil type by using the survey data obtained from the grower groups 
whose soil best matched that region. Fertiliser prices used in the analysis were from CSBP 
June 2010 and Summit July 2010 retail price lists. Chemical prices as shown in Table 4.2 
were obtained from HerbiGuide 2010. 
Table 4.2 Fertiliser and chemical input costs  
Fertiliser prices for economic 
analysis  
Chemical prices for economic 
analysis 
CSBP  Product $/kg or L 
Product $/tonne  Treflan 4.80 
DAP 902  Powermax 7.20 
MOP 868  Glean 53.90 
Urea 560  Ally 70.40 
Agstar Extra 805  MCPA LVE 7.60 
Flexi N 503  Roundup 4.25 
Agyield 942  Precept 14.10 
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Agras Extra 672  Velocity 15.00 
K-Till Plus 927  Ester 680 6.20 
MAP 902  Spray Seed 8.00 
Flexi NS 554  Agritone 5.40 
Agras 659  Monza 1030.00 
Agstar 771  Logran 76.00 
K-Till Extra 870  Simazine 4.90 
Super 373  Atrazine 6.50 
MacroPro Plus 980  Jaguar 22.50 
   Tigrex 17.00 
   Paragon 35.00 
Summit  Bromicide 9.00 
Product $/Tonne  Broadside 15.00 
DAPSZC 922  Cadence 62.00 
MOP 854  Tebuconazole 33.00 
MAP 897  Tilt 23.00 
Urea 591  Impact 14.30 
Urea Plus 542  Alpha-Cypermethrin 6.50 
MAXam Star 779  Chlorpyrifos 7.90 
MAPSZC 997  Dimethoate 10.00 
UAN 551  Avadex 11.25 
MAPTE 936  Diuron 8.00 
Source: CSBP June 2010 and Summit July 2010 retail price lists and HerbiGuide 2010 chemical price list. 
 
The average farm business overdraft was calculated for a six-month period as shown:  
Overdraft = (Fixed operating cost + Fertiliser cost + Chemical Cost) * 10% / 2 
 
In this equation, the sum of operating costs are multiplied by an assumed annual interest 
rate of 10% amortised over a six month period. 
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4.3.5 Results 
Operating costs were established using the survey data from the grower group areas that best matched that soil type. The costs for each of the 
different soil types are shown in Table 4.3.  
Table 4.3  Indicative approach for probable operating costs for individual soil types for three input levels 
With the operating costs established for the various input levels, the operating surplus was calculated with sensitivity analysis for yield at a 
return grain price of $200/t. The results for each soil type are shown in tables 4.4a and 4.4b. 
 
 
Cost ($/ha) 
Soil type 
Deep acid sands Pale deep sands Shallow sand over gravel Shallow sand over rock 
High Medium Low High Medium Low High Medium Low High Medium Low 
Fixed 79.5 79.5 79.5 79.5 79.5 79.5 79.5 79.5 79.5 79.5 79.5 79.5 
Fertiliser* 132 77 43 157 106 79 118 81 52 104 73 46 
Chemical 27 19 8 54 25 14 26 16 6 30 21 11 
Overdraft 11.93 8.78 6.53 14.53 10.53 8.63 11.18 8.83 6.88 10.68 8.68 6.83 
Total 250.43 184.28 137.03 305.03 221.03 181.13 234.68 185.33 144.38 224.18 182.18 143.33 
* Includes freight costs.           
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Table 4.4a Sensitivity analysis of wheat yield on operating surplus for three input levels across different soil types at farm gate price of $200/t 
 
Yield 
(t/ha) 
Soil type 
Deep acid sands Pale deep sands Shallow sand over gravel Shallow sand over rock 
High Medium Low High Medium Low High Medium Low High Medium Low 
0.1 –$230.43 –$164.28 –$117.03 –$285.03 –$201.03 –$161.13 –$214.68 –$165.33 –$124.38 –$204.18 –$162.18 –$123.33 
0.25 –$200.43 –$134.28 –$87.03 –$255.03 –$171.03 –$131.13 –$184.68 –$135.33 –$94.38 –$174.18 –$132.18 –$93.33 
0.5 –$150.43 –$84.28 –$37.03 –$205.03 –$121.03 –$81.13 –$134.68 –$85.33 –$44.38 –$124.18 –$82.18 –$43.33 
0.75 –$100.43 –$34.28 $12.98 –$155.03 –$71.03 –$31.13 –$84.68 –$35.33 $5.63 –$74.18 –$32.18 $6.68 
1.0 –$50.43 $15.73 $62.98 –$105.03 –$21.03 $18.88 –$34.68 $14.68 $55.63 –$24.18 $17.83 $56.68 
1.25 –$0.43 $65.73 $112.98 –$55.03 $28.98 $68.88 $15.33 $64.68 $105.63 $25.83 $67.83 $106.68 
1.5 $49.58 $115.73 $162.98 –$5.02 $78.98 $118.88 $65.33 $114.68 $155.63 $75.83 $117.83 $156.68 
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Price sensitivity can be seen in Table 4.4b using a return grain price of $300/t and the effect this has on the operating surplus. 
Table 4.4b Sensitivity analysis of wheat yield on operating surplus for three input levels across different soil types at farm gate price of $300/t 
 
Yield 
(t/ha) 
Soil type 
Deep acid sands Pale deep sands Shallow sand over gravel Shallow sand over rock 
High Medium Low High Medium Low High Medium Low High Medium Low 
0.1 –$220.43 –$154.28 –$107.03 –$275.03 –$191.03 –$151.13 –$204.68 –$155.33 –$114.38 –$194.18 –$152.18 –$113.33 
0.25 –$175.43 –$109.28 –$62.03 –$230.03 –$146.03 –$106.13 –$159.68 –$110.33 –$69.38 –$149.18 –$107.18 –$68.33 
0.5 –$100.43 –$34.28 $12.98 –$155.03 –$71.03 –$31.13 –$84.68 –$35.33 $5.63 –$74.18 –$32.18 $6.68 
0.75 –$25.43 $40.73 $87.98 –$80.03 $3.97 $43.88 –$9.68 $39.68 $80.63 $0.82 $42.83 $81.68 
1.0 $49.58 $115.73 $162.98 –$5.02 $78.98 $118.88 $65.33 $114.68 $155.63 $75.83 $117.83 $156.68 
1.25 $124.58 $190.73 $237.98 $69.98 $153.98 $193.88 $140.33 $189.68 $230.63 $150.83 $192.83 $231.68 
1.5 $199.58 $265.73 $312.98 $144.98 $228.98 $268.88 $215.33 $264.68 $305.63 $225.83 $267.83 $306.68 
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4.3.6 Discussion 
As expected, high input costs require high yields (> 1.5 t/ha) to return a positive operating 
surplus (Table 4.4a) or higher wheat prices (Table 4.4b). The survey results and discussions 
with regional agronomists and consultants suggest these unproductive soils are currently not 
producing the required yields to avoid losses. Typically, 0.5–0.75 t/ha is an average yield on 
all of the prescribed soil types except for deep pale sands in the Binnu region. While this soil 
can sustain higher yields (0.75–1.5 t/ha average), they have high associated costs due to 
significant fertiliser inputs.  
All of the soil types at average yields produce a negative operating surplus, even with higher 
grain prices (Table 4.4b) when inputs are either at high or medium levels. When inputs are 
reduced, they can sustain a positive operating surplus, particularly with higher grain prices. 
These poor performing areas may need to be taken out of the cropping program completely, 
and the majority of farmers are considering this option. One of the main survey findings 
showed that three-quarters of farmers are willing to permanently revegetate these soils. This 
is an achievable task where the areas are well defined and preferably aligned with an 
existing fence line or bush reserve. Taking these unproductive areas out of the main 
cropping program should create instant savings to the business. 
Economic analyses were not conducted on alternative land uses presented in the case study 
section (including grazing, liming, spading and subdivision). Separate analyses would need 
to be performed to determine the financial implications of these land use practices. 
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4.4 APSIM modelling 
4.4.1 Introduction 
The aim of this process was to examine the ability of the APSIM model (Agricultural 
Production Systems sIMulator) to predict long-term wheat production on unproductive soils 
identified within the North Eastern Agricultural Region (NEAR). 
Poor performing soils—soils with low plant available water-holding capacity (PAWC), low 
capacity to supply nitrogen (N) or subsoil constraints (acidity, compaction and rocks)—are 
uneconomic for crop production. The ability of these soils to produce wheat was assessed 
using the APSIM model with the meteorological location Mullewa.  
ASPIM is a water-by-nitrogen model with the impact of subsoil constraints achieved by 
adjusting the root hospitality factor (XF) or the crop lower limit (CLL). The model is 
particularly sensitive to the soil’s PAWC. Soils with low PAWC will be low yielding due to the 
leakage of water below the root zone and the leaching of soil nitrate (Asseng et al., 2001). 
Subsoil constraints such as compaction and soil acidity lead to a reduction in root growth, 
which limits the ability of crops to access water and nutrients (Farre, pers. comm.).  
4.4.2 Results 
APSIM consistently predicted low potential wheat grain yields for soils that had a PAWC of 
less than 10 mm. These were the shallow soils over rock or cemented gravel substrate. 
When PAWC was greater than 26 mm, additional soil constraints were required to be 
included for APSIM to predict wheat grain yield consistent with farmer observations. 
For some soils, a reduction in the initial soil profile N supply to 30 kg N/ha resulted in APSIM 
predicting wheat grain yields consistent with farmer observations. 
For soils with subsurface constraints such as low pH, APSIM was able to predict wheat grain 
yields consistent with farmer observations but only by adjusting the root hospitality factor 
(XF) to 0.01 in the soil layers below 10 cm. 
APSIM has the ability to predict long-term wheat production on unproductive soils that have 
shallow depth with a PAWC of less than 10 mm in the NEAR, but requires adjustments for 
other subsurface constraints in order to predict yields on these soils. As such, APSIM has 
limited ability to predict wheat yields on unproductive soils.  
Detailed results of the APSIM analysis are presented in Appendix F. 
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5.0 Managing unproductive soils in the future 
5.1 Carbon 
A number of companies in Australia provided voluntary carbon credits under the now 
superseded Australian Government’s Greenhouse Friendly  program. At the time of writing, 
most companies are offering growers a long-term lease agreement or purchase land for 
planting trees and cover the costs associated with planting, monitoring and assessment.  
After December 2011, the Federal Government’s Carbon Farming Initiative will provide 
growers with opportunities to gain financially from sequestering carbon on their properties.   
Tree species, such as oil mallees, that are often block planted in the NEAR for carbon 
credits, may not be the best choice for the inhospitable soil types examined in this project. A 
survey conducted in December 2009 (Appendix D) on these unproductive soils, showed that 
even 10 years after establishment the average height of oil mallee trees was less than 2 m. 
The Kyoto Protocol rules adopted by Australia for Article 3.3 sinks require a ‘forest’ of trees 
with a height of at least 2 m. This rule encourages commercial reforestation in more 
productive parts of the landscape rather than the investment of integrated plantings on less 
productive soil types. Article 3.4 of the Kyoto Protocol which covers revegetation that doesn’t 
meet the criteria of Article 3.3, has not been ratified by Australia, but methodologies to 
generate voluntary carbon offset credits from this type of revegetation may be developed 
under the CFI.  
However, other local native species are adapted to such environments and would appear to 
perform better in terms of survival and growth rates. The DAFWA has been working with 
forestry specialists to determine just how much carbon is actually stored by native plants that 
thrive on these poor soils. Destructive sampling, where a quarter of a tree or shrub is pruned 
and weighed, was undertaken to determine carbon storage and possible financial returns 
from such plantings. Initial results are quite promising with a 50-year-old stand of acacia 
shrubland on acid wodjil soils yielding up to 108 t/ha CO2-e. Further research is required to 
gain more information on the various plant species that naturally inhabit these soil types. 
Four impediments to this change in land use were identified as:  (1) uncertainty of carbon 
price; (2) limited technical advice; (3) restrictions around subdividing agricultural land; and (4) 
lack of information about the carbon sequestration potential of species other than oil mallees.  
5.2 Subdivision 
Farmers wanting to exit the industry are also having trouble selling their properties. 
Restrictions around subdividing agricultural land have made dividing large lots into smaller 
lots for ease of sale difficult. This can limit the ability of neighbouring farm businesses to buy 
land from exiting farmers due to large lot size and therefore high property values. It may also 
make it difficult for new industries to become established. For example, carbon brokers may 
desire areas of consistently unproductive cropping lands for carbon planting but are forced to 
buy larger areas of mixed land capability (including high value agricultural land) rather than 
smaller parcels of appropriate soil types.  
The Department of Planning (with input from DAFWA) has been reviewing the Agricultural 
and Rural Land Use Planning Policy with a draft released for public comment early in 2011. 
Some local government authorities have expressed concern over the increase in farmland 
being converted to tree farms. DAFWA is supporting the authorities by providing soil 
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landscape information to enable better decision making and policies around the planning for 
such land-use change.  
5.3 Future management options for salt-affected areas  
The vast majority of research and development for salinity management, and indeed farm 
management, has been around the use of saltbush grazing systems for sheep. With the 
dramatic decline in sheep numbers throughout most of the NEAR following the drought years 
of 2006 and 2007, the role of saltbush for grazing has somewhat declined. 
The emerging opportunities associated with carbon farming raise the possibility of 
establishing trees and shrubs which produce more woody biomass and hence more carbon 
on these areas. The re-establishment of healthy saline ecosystems using species such as 
swamp she-oaks, melaleuca and other salt-tolerant varieties could not only provide some 
income from carbon but also result in positive nature conservation outcomes. More research 
is required to determine the carbon sequestration potential of such an option to define the 
most suitable species and planting layouts for different districts, soil types and rainfall zones. 
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Appendix A: Soil profile descriptions and chemical 
analysis 
 
DAFWA site code: STU 0146 Date sampled: 11/11/2009  
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: West Binnu/Ajana 
Site notes: Poor soils project site PS1: perennial pasture growing; rhodes grass; roots 
growing > 1.5m deep. Sand feels quite coarse grained and rounded 
Current classification 
WA Soil Group: Yellow deep sand, acidic and very deep poor sand 1999 
Australian Soil Classification: Basic Arenic Yellow-Orthic Tenosol (2002) 
Soil Series: Allanooka variant 
Map Unit: 232Ch 
Soil profile description 
Horizon 
Depth 
(cm) 
Description 
 
A1 0–20 Brown (10YR 4/3 moist) coarse sand; 
dry soil; apedal, single grain structure; 
sandy fabric; water repellent; dense 
root development through horizon; 
gradual boundary 
 
A21 20–50 Brownish yellow (10YR 6/6 moist) 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; 
non-water repellent; diffuse boundary 
A22 50–90 Brownish yellow (10YR 6/8 moist) 
sand; moist soil; apedal, single grain 
structure; sandy fabric; diffuse 
boundary 
A23 90–150+ Brownish yellow (10YR 6/8 moist) 
loamy sand; moist soil; apedal, single 
grain structure; sandy fabric  
 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 71 
Detailed chemical analysis for site STU 0146 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–20 < 1 3 6.3 5.4 97.5 1 1.5 0.27 
20–50 < 1 < 1 5.7 4.8 98.5 0.5 1 0.05 
50–90 < 1 2 5.6 4.9 98 1 1 < 0.05 
90–150+ < 1 < 1 6.2 5.4 97.5 0.5 2 < 0.05 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–20 0.018 7 0 9 29 
20–50 0.007 6 0.4 6 27 
50–90 0.006 5 0.4 6 29 
90–150+ < 0.005 2 0.6 76 24 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–20 1 a0.77 a0.16 a0.03 < 0.02 
20–50 < 1 a0.09 a0.02 < 0.02 < 0.02 
50–90 < 1 a0.07 a0.02 < 0.02 < 0.02 
90–150+ < 1 a0.13 a0.04 < 0.02 < 0.02 
 
Particle size analysis 
Depth 
(cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–20 39.6 53.3 1.4 3.5 0.9 1.3 
20–50 37.0 56.2 1.8 3.4 0.7 0.9 
50–90 36.6 55.7 2.3 3.3 0.9 1.2 
90–150+ 35.0 53.6 3.0 5.9 0.7 1.8 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 72 
DAFWA Site Code: STU 0147 Date sampled: 11/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses. 
Location: West Binnu 
Site notes: Project site PS2: on toe of gradual slope above winter waterlogged gravelly area; 
ferricrete pan @ 85cm 
Current classification 
WA Soil Group: Pale deep sand, acidic and poor deep sand 1999 
Australian Soil Classification: Acidic Petroferric Bleached-Orthic Tenosol (2002) 
Soil Series: Nabbeja 1 
Map Unit: 232Ba 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–15 Very dark grey (2.5Y 3/1 moist) humic 
sand; dry soil; apedal, single grain 
structure; sandy fabric; water repellent; 
gradual boundary 
A21e 15–45 Light yellowish brown (2.5Y 6/4 moist) 
sand; dry soil; apedal, single grain 
structure; sandy fabric; 1% subrounded 
ferruginous ironstone medium gravel 
sized; diffuse boundary 
A22e 45–70 Light yellowish brown (2.5Y 6/4 moist) 
sand; few fine faint olive yellow (2.5Y 6/8 
moist) mottles; moderately moist soil; 
apedal, single grain structure; sandy 
fabric; 2% subrounded ferruginous 
ironstone medium gravel; clear boundary 
A3 70–85 Olive yellow (2.5Y 6/6 moist) sand; 
common medium distinct brownish yellow 
(10YR 6/8 moist) mottles and common 
medium distinct yellowish red (5YR 5/6 
moist) mottles; moderately moist soil; 
apedal, single grain structure; sandy 
fabric; 10% subrounded ferruginous 
ironstone gravel 
m 85+  No texture class; strongly cemented, 
massive, ferricrete pans 
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Detailed chemical analysis for STU 0147 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–15 < 1 5 6.3 5.5 99 <  0.5 1 0.67 
15–45 < 1 < 1 5.2 4.4 98 1 1 0.08 
45–70 2 1 4.9 4.3 98 1 1 < 0.05 
70–85 3 1 5.1 4.4 97 1 2 < 0.05 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–15 0.061 17 -0.5 25 76 
15–45 0.006 13 0.2 7 35 
45–70 0.006 11 0.9 6 32 
70–85 0.006 2 3.1 11 14 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–15 1 a1.53 a0.21 < 0.02 a0.04 
15–45 < 1 a0.07 < 0.02 < 0.02 < 0.02 
45–70 < 1 a0.04 < 0.02 < 0.02 < 0.02 
70–85 < 1 a0.05 < 0.02 < 0.02 a0.02 
 
Particle size analysis 
Depth 
(cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–15 33.8 49.6 9.0 6.4 0 1.2 
15–45 26.7 45.2 15.4 10.9 0.9 0.9 
45–70 23.5 40.0 19.5 14.8 1.0 1.2 
70–85 25.3 36.1 19.7 15.9 1.1 1.9 
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DAFWA Site Code: STU 0148 Date sampled: 11/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: West Binnu 
Site notes: Project Site PS3: broad depression in landscape about 20 m from previous 
site—inundation and waterlogging in most winters; ferricrete horizon @ 30 cm; ferricrete 
rocks 100–300 mm through profile 
 
Current classification 
WA Soil Group: Shallow gravel, acid subsoil 1999 
Australian Soil Classification: Acidic Ferric-Petroferric Bleached-Leptic Tenosol (2002) 
Soil Series: Nabbeja 
Map Unit: 232Ur 
Soil profile description 
Horizon Depth (cm) Description 
 
A1 0–10 Very dark greyish brown (2.5Y 3/2 
moist) sand; dry soil; apedal, 
single grain structure; sandy 
fabric; abundant; water repellent; 
pH 5.5 (soil paste); dense roots; 
clear boundary 
A2e 10–30 Light brownish grey (2.5Y 6/2 
moist) sand; dry soil; apedal, 
single grain structure; sandy 
fabric; common; 50% subrounded 
ferruginous ironstone coarse 
gravel sized; pH 5 (soil paste); 
fewer roots 
m 30+ Strongly cemented, massive 
ferricrete pan 
 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 75 
Detailed chemical analysis for site STU 0148 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–10 < 1 4 6.3 5.5 98 1 1 0.9 
10–30 < 1 1 5.4 4.5 98 1 1 0.13 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–10 0.072 15 -0.4 23 84 
10–30 0.01 10 0.2 6 31 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–10 2 a1.97 a0.26 a0.05 a0.04 
10–30 < 1 a0.14 < 0.02 < 0.02 < 0.02 
 
Particle size analysis 
Depth 
(cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–10 30.1 47.1 11.9 9.0 0.8 1.1 
10–30 26.0 40.5 18.6 12.4 1.1 1.1 
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DAFWA Site Code: STU 0149 Date sampled: 11/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: West Binnu 
Site notes: Project site PS4: Perennial pasture paddock—rhodes grass; roots very dense in 
top 20 cm and growing to > 130 cm 
 
Current classification 
WA Soil Group: Pale deep sand, pale sand over yellow sand 1999 
Australian Soil Classification: Basic Arenic Bleached-Orthic Tenosol (2002) 
Soil Series: Eurangoa  
Map Unit: 232Ba 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–10 Very dark greyish brown (10YR 3/2 
moist) humic sand; dry soil; apedal, 
single grain structure; sandy fabric; 
water repellent; pH 6 (soil paste); clear 
boundary 
A2e 10–40 Light yellowish brown (10YR 6/4 moist) 
sand; dry soil; apedal, single grain 
structure; sandy fabric; pH 5.5 (soil 
paste); gradual boundary 
A31 40–80 Brownish yellow (10YR 6/6 moist) 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 
5.5 (soil paste); diffuse boundary 
A32 80–120 Brownish yellow (10YR 6/8 moist) 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 
5.5 (soil paste); diffuse boundary 
A33 120–130+ Brownish yellow (10YR 6/8 moist) 
loamy sand; moderately moist soil; 
apedal, massive structure; earthy 
fabric; pH 5.5 (soil paste) 
 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 77 
Detailed chemical analysis for site STU 0149 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–10  5 6.8 6.0 96.5 1.5 2 1.29 
10–40  1 6.7 5.8 97.5 1 1.5 0.15 
40–80  1 6.8 6.1 96.5 1 2.5 0.05 
80–120  1 7.2 7.4 93.5 1 5.5 0.05 
120–130+   1 7.4 6.4 89.5 1 9.5 < 0.05 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–10 0.1 22 -0.1 32 110 
10–40 0.011 5 0.1 11 19 
40–80 < 0.005 5 0.3 13 20 
80–120 0.005 < 2 1.5 21 18 
120–130+ < 0.005 < 2 5.7 26 17 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–10 3 a3.41 a0.37 a0.07 a0.07 
10–40 1 a0.59 a0.06 < 0.02 < 0.02 
40–80 < 1 a0.39 a0.06 < 0.02 < 0.02 
80–120 1 a0.42 a0.08 < 0.02 a0.03 
120–130+ 1 a0.66 a0.18 < 0.02 a0.04 
 
Particle size analysis 
Depth 
(cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–10 42.7 44.9 4.2 4.8 1.4 2.0 
10–40 42.4 41.3 5.1 8.7 0.8 1.7 
40–80 35.9 45.5 8.1 7.1 1.1 2.3 
80–120 36.3 43.9 7.2 5.9 1.2 5.5 
120–130+ 38.9 38.5 6.1 5.9 0.9 9.7 
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DAFWA Site Code: STU 0150 Date sampled: 13/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: West Binnu 
Site notes: Project Site PS5: site on lower slope above waterlogged and salt-affected flat; 
site adjacent to sandplain seepage area at headwaters of Hutt Rive; on-site salinity appears 
to be from evaporative concentration; weathered sandstone rock @ 75cm 
 
Current classification 
WA Soil Group: Semi wet soil, deep sandy duplex_waterlogged and salt affected 1999 
Australian Soil Classification: Ferric Sodosolic Redoxic Hydrosol (2002) 
Map Unit: 232Ur 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–15 Very dark greyish brown (10YR 3/2 
moist) humic sand; dry soil; apedal, 
single grain structure; sandy fabric; non-
water repellent; pH 6 (soil paste); clear 
boundary 
A2 15–30 Dark yellowish brown (10YR 4/4 moist) 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; 10% 
subrounded ironstone gravel; 
rough/grainy fragments; pH 5.5 (soil 
paste); clear boundary 
A3c 30–50 Light yellowish brown (10YR 6/4 moist) 
sand; moist soil; apedal, single grain 
structure; sandy fabric; 50% subrounded 
ironstone—gravel-sized; coarse/sandy 
surface and 10% subrounded ironstone_ 
stone sized; pH 5 (soil paste); clear 
boundary 
B2 50–75 Light brownish grey (2.5YR 6/3 moist) 
sandy light medium clay; common 
medium distinct olive yellow (2.5Y 6/8 
moist) mottles and common fine 
prominent dark reddish brown (5YR 3/4 
moist) mottles; wet soil; apedal, massive 
structure; earthy fabric; 10% subrounded 
ironstone—gravel-sized; pH 5.5 (soil 
paste); sandseams through horizon—
bleached and coarse sand 
Cr 75+ Weathered sandstone 
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Detailed chemical analysis for site STU 0150 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
 mg/kg mS/m   % % % % 
0–15 < 1 130 6 5.4 96 2 2 0.61 
15–30 < 1 15 5.8 4.6 95.5 1.5 3 0.13 
30–50 < 1 13 6.1 4.7 95.5 1 3.5 0.12 
50–75 < 1 26 5.8 4.6 72 3 25 0.16 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
 % mg/kg mL/g mg/kg mg/kg 
0–15 0.053 37 1 64 110 
15–30 0.017 37 2.1 35 74 
30–50 0.015 7 1.2 26 43 
50–75 0.022 3 9.8 100 37 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–15 5 b0.62 b1.56 b0.71 b0.09 
15–30 1 a0.18 a0.43 a1.0 a0.07 
30–50 1 a0.15 a0.59 a0.76 a0.05 
50–75 11 b0.82 b6.17 b3.54 b0.19 
 
Particle size analysis 
Depth  
(cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–15 31.3 43.6 12.5 8.4 2.0 2.2 
15–30 33.5 44.4 10.9 6.8 1.6 2.8 
30–50 28.9 43.4 13.3 9.8 1.1 3.5 
50–75 19.8 33.1 10.6 8.6 2.7 25.2 
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DAFWA Site Code: STU 0151; Date sampled: 13/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: East Binnu 
Site notes: Project Site PS6: near hill crest—poor sand; dune vegetation; rain overnight and 
profile moist 
Current classification 
WA Soil Group: Yellow deep sand, strongly acid subsoil 1999 
Australian Soil Classification: Acidic Arenic Yellow-Orthic Tenosol (2002) 
Soil Series: Indarra variant 
Map Unit: 223Bn_1 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–15 Dark yellowish brown (10YR 4/6 moist) 
loamy sand; moderately moist soil; 
apedal, single grain structure; sandy 
fabric; pH 5.5 (soil paste); clear 
boundary 
A21 15–50 Brownish yellow (10YR 6/8 moist) loamy 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 5 
(soil paste); gradual boundary 
A22 50–90 Brownish yellow (10YR 6/8 moist) loamy 
sand; moderately moist soil; apedal; 
sandy fabric; pH 5.5 (soil paste); gradual 
boundary 
A23 90–130 Brownish yellow (10YR 6/8 moist) loamy 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 
5.3 (soil paste); gradual boundary 
A24 130–150+ Brownish yellow (10YR 6/8 moist) loamy 
sand; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 6 
(soil paste) 
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Detailed chemical analysis for site STU0151 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–15 3 5 4.9 4.2 95.5 0.5 4 0.32 
15–50 9 2 4.5 3.9 93 0.5 6.5 0.12 
50–90 < 1 2 5.2 4.6 92.5 0.5 7 0.06 
90–130 < 1 1 5.7 5.3 92 1 7 0.05 
130–150+   1 5.9 5.5 92 1 7 < 0.05 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–15 0.025 30 1.2 25 87 
15–50 0.014 4 6.1 11 50 
50–90 0.011 < 2 7.3 18 22 
90–130 0.007 < 2 8.8 13 14 
130–150+ 0.01 < 2 11 11 23 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–15 1 a0.41 a0.11 a0.04 a0.05 
15–50 1 a0.15 a0.04 < 0.02 a0.02 
50–90 < 1 a0.33 a0.12 < 0.02 a0.04 
90–130 1 a0.39 a0.16 < 0.02 a0.03 
130–150+ 1 a0.41 a0.16 < 0.02 a0.02 
 
Particle size analysis 
Depth 
 (cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–15 15.2 60.4 12.8 7.0 0.8 3.8 
15–50 15.1 57.4 13.4 7.0 0.7 6.4 
50–90 15.2 51.6 16.2 9.3 0.8 6.9 
90–130 13.8 49.4 17.9 11 1.0 6.9 
130–150+ 14.2 50.2 17.5 10.3 0.9 6.9 
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DAFWA Site Code: STU 0152 Date sampled: 13/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location notes: East Binnu 
Site notes: Project site PS7: site on rocky rise below hill crest; rocky and stony area with 
shallow sandstone @ 40cm 
 
Current classification 
WA Soil Group: Stony soil, strongly acidic subsoil 1999 
Australian Soil Classification: Acidic Lithic Leptic Tenosol (2002) 
Map Unit: 223Bn_1 
Soil profile description 
Horizon Depth (cm) Description 
 
A1 0–5 Dark yellowish brown (10YR 4/4 
moist) sand; moderately moist 
soil; apedal, single grain 
structure; sandy fabric; 30% 
subangular sandstone stone 
sized; water repellent; pH 6 (soil 
paste); clear boundary 
A2 5–40 Dark yellowish brown (10YR 4/6 
moist) sand; moderately moist 
soil; apedal, single grain 
structure; sandy fabric; 60% 
subangular rocky sandstone 
stone sized; pH 5 (soil paste) 
R 40+ Sandstone 
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Detailed chemical analysis for STU0152 
Depth Al EC pH pH Sand Silt Clay OrgC 
(cm) (CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–5  11 7 6.4 96.5 1 2.5 0.62 
5–40 < 1 3 5.3 4.4 94 1.5 5 0.59 
 
Depth N P P K P 
(cm) (total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–5 0.059 19 0.3 130 110 
5–40 0.051 28 1 41 140 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–5 2 a1.15 a0.38 a0.03 a0.3 
5–40 1 a0.72 a0.18 < 0.02 a0.07 
 
Particle size analysis 
Depth (cm) Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–5 11.7 63.0 15.7 6.1 0.9 2.6 
5–40 10.7 55.9 17.9 9.3 1.2 5.0 
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DAFWA Site Code: STU 0153 Date sampled: 16/11/2009 
Observation type/category: soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: Pindar 
Site notes: Project Site PS8: site south of mallee plantings on unproductive wodjil soil 
 
Current classification 
WA Soil Group: Brown deep sand, strongly acid profile 1999 
Australian Soil Classification: Acidic Arenic Brown-Orthic Tenosol (2002) 
Soil Series: Pindar 
Map Unit: 271Pi_2 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–10 Dark yellowish brown (10YR 4/6 moist) loamy 
sand; dry soil; apedal, single grain structure; 
sandy fabric; termite tubules; weakly cemented, 
massive cultivation pan; non-water repellent; pH 
4.5 (soil paste); clear boundary 
A21 10–50 Yellowish brown (10YR 5/8 moist), brownish 
yellow (10YR 6/8 dry) loamy sand; few coarse 
faint brownish yellow (10YR 6/6 moist) mottles; 
moderately moist soil; apedal, single grain 
structure; sandy fabric; pH 4.5 (soil paste); 
diffuse boundary 
A22 50–90 Yellowish brown (10YR 5/8 moist), brownish 
yellow (10YR 6/8 dry) loamy sand; common 
coarse faint brownish yellow (10YR 6/6 moist) 
mottles; moderately moist soil; apedal, single 
grain structure; sandy fabric; pH 4.5 (soil paste); 
diffuse boundary 
A23 90–130 Yellowish brown (10YR 5/8 moist) loamy sand; 
common coarse faint brownish yellow (10YR 6/6 
moist) mottles; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 4.5 (soil 
paste); diffuse boundary 
A24 130–150+ Yellowish brown (10YR 5/8 moist) loamy sand; 
common coarse faint brownish yellow (10YR 6/6 
moist) mottles; moderately moist soil; apedal, 
single grain structure; sandy fabric; pH 4.5 (soil 
paste) 
 
                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 85 
Detailed chemical analysis for STU0153 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–10 22 2 4.5 3.9 92 1 7 0.42 
10–50 33 4 4.2 3.8 85.5 2 12.5 0.14 
50–90 32 3 4.3 3.9 85.5 2 12.5 0.09 
90–130 30 4 4.2 3.9 85.5 2 12.5 0.07 
130–150+ 27 3 4.2 3.8 85.5 2 12.5 0.06 
 
Depth N P P K P 
(cm) (total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–10 0.034 34 18 31 160 
10–50 0.019 < 2 75 22 32 
50–90 0.01 < 2 94 24 15 
90–130 0.012 < 2 140 16 21 
130–150+ 0.011 < 2 140 17 17 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–10 2 a0.08 a0.03 < 0.02 a0.05 
10–50 2 a0.05 < 0.02 < 0.02 a0.04 
50–90 2 a0.12 a0.03 < 0.02 a0.03 
90–130 2 a0.15 a0.04 < 0.02 a0.03 
130–150+ 2 a0.21 a0.06 < 0.02 a0.03 
 
Particle size analysis 
Depth 
(cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–10 10.6 58.7 13.6 9.3 1.0 6.8 
10–50 11.3 50.2 13.9 10.4 1.9 12.3 
50–90 13.5 43.8 15.5 12.6 2.1 12.5 
90–130 13.9 41.1 16.0 14.6 1.8 12.6 
130–150+ 13.1 40.1 16.4 16.0 1.9 12.5 
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DAFWA Site Code: STU 0154 Date sampled: 16/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: Pindar 
Site notes: Project Site PS9: dense fine roots down to bottom of pit, especially in gravelly 
horizons; profile—acidic sand over gravel 
 
Current classification 
WA Soil Group: Brown deep sand, acidic and gravelly 1999 
Australian Soil Classification: Acidic Petroferric Sesqui-Nodular Tenosol (2002) 
Soil Series: Kelly 
Map Unit: 271Pi_2 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–10 Dark yellowish brown (10YR 4/6 moist) 
loamy sand; dry soil; apedal, single 
grain structure; sandy fabric; 10% 
subrounded ironstone gravel-sized; 
non-water repellent; pH 5 (soil paste); 
clear boundary 
A2 10–35 Dark yellowish brown (10YR 4/6 moist) 
loamy sand; dry soil; apedal, single 
grain structure; sandy fabric; 5% 
subrounded ironstone—medium 
gravel-sized and 5% subangular 
quartz—fine gravel-sized; pH 4.5 (soil 
paste); gradual boundary 
A31c 35–50 Yellowish brown (10YR 5/8 moist) 
loamy sand; moderately moist soil; 
apedal, single grain structure; sandy 
fabric; 30% subrounded ferruginous 
ironstone—gravel-sized and 10% 
subangular quartz—fine gravel-sized; 
pH 4.5 (soil paste); gradual boundary 
A32c 50–110 Yellowish brown (10YR 5/8 moist) 
clayey sand; moderately moist soil; 
apedal, single grain structure; sandy 
fabric; 70% subrounded ferruginous 
ironstone—gravel-sized; pH 4.5 (soil 
paste) 
m 110+ Strongly cemented, nodular, ferricrete 
pan 
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Detailed chemical analysis for STU0154 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–10 7 4 4.7 4 91.5 1 7.5 0.32 
10–35 31 5 4.2 3.8 85.5 2 12.5 0.17 
35–50 34 5 4.1 3.8 84 2.5 13.5 0.11 
50–110 30 4 4.3 3.9 83.5 3 13.5 0.11 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–10 0.025 33 22 66 140 
10–35 0.02 < 2 160 44 37 
35–50 0.017 < 2 220 36 30 
50–110 0.019 < 2 200 24 29 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–10 2 a0.27 a0.12 < 0.02 a0.13 
10–35 2 a0.03 < 0.02 < 0.02 a0.08 
35–50 1 a0.02 < 0.02  < 0.02 a0.06 
50–110 2 a0.18 a0.03 a0.02 a0.04 
 
Particle size analysis 
Depth 
 (cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–10 24.0 46.0 11.7 9.7 1.3 7.3 
10–35 16.8 38.2 16.1 14,3 1.9 12.7 
35–50 15.7 33.6 17.4 17.4 2.3 13.6 
50–110 12.9 31.2 18.3 21.0 3.0 13.6 
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DAFWA Site Code: STU 0155 Date sampled: 16/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses. 
Location: Pindar 
Site notes: Project site PS10: site about 6 m south of previous site; ferricrete pan at 30 cm 
 
Current classification 
WA Soil Group: Yellow/brown shallow sand, acidic and gravelly 1999 
Australian Soil Classification: Acidic Petroferric Leptic Tenosol (2002) 
Soil Series: Kelly variant 
Map Unit: 271Pi-2 
Soil profile description 
Horizon Depth 
(cm) 
Description 
 
A1 0–10 Dark yellowish brown (10YR 3/6 moist) 
loamy sand; dry soil; apedal, single grain 
structure; sandy fabric; 10% subrounded 
ironstone—medium gravel-sized and 5% 
subangular quartz—fine gravel-sized; 
non-water repellent; pH 5.5 (soil paste); 
clear boundary 
A2 10–30 Dark yellowish brown (10YR 4/6 moist) 
loamy sand; dry soil; apedal, single grain 
structure; sandy fabric; 20% subrounded 
ferruginous ironstone—medium gravel-
sized; pH 4.5 (soil paste) 
m 30+ Strongly cemented, nodular, ferricrete 
pan 
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Detailed chemical analysis for Site STU 0155 
Depth Al EC pH pH Sand Silt Clay OrgC 
(cm) (CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–10 2 3 5.2 4.3 92 1.5 6.5 0.45 
10–30 30 4 4.2 3.9 86.5 2 11.5 0.23 
 
Depth N P P K P 
(cm) (total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–10 0.039 34 12 84 200 
10–30 0.023 < 2 79 37 41 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–10 2 a0.46 a0.21 a0.03 a0.16 
10–30 2 a0.03 < 0.02 < 0.02 a0.07 
 
Particle size analysis 
Depth 
 (cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–10 16.4 49.3 14.5 12.1 1.3 6.4 
10–30 14.1 41.4 16.7 14.4 2.1 11.3 
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DAFWA Site Code: STU 0156; Date sampled: 16/11/2009 
Observation type/category: Soil pit, full description 
Lab analyses: Detailed chemical and physical analyses 
Location: Tardun 
Site notes: Project site PS11: red loam over granite @ 40 cm 
 
Current classification 
WA Soil Group: Red shallow loamy duplex; moderately acidic loam subsoil over rock 1999 
Australian Soil Classification: Haplic Mesotrophic Red Chromosol (2002) 
Map Unit: 271Pi 2 
Soil profile description 
Horizon Depth (cm) Description 
 
A1 0–10 Dark reddish brown (5YR 3/4 moist) 
sandy loam; dry soil; apedal, massive 
structure; earthy fabric; 20% 
subangular rocky granite—medium 
gravel-sized; non-water repellent; pH 
5.5 (soil paste); clear boundary 
B2 10–40 Yellowish red (5YR 4/6 moist) sandy 
clay loam; dry soil; apedal, massive 
structure; earthy fabric; 20% 
subangular rocky granite—medium 
gravel-sized; pH 5 (soil paste) 
Cr 40+ Granitic saprock 
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Detailed chemical analysis for Site STU 0156 
Depth 
(cm) 
Al EC pH pH Sand Silt Clay OrgC 
(CaCl2) (1:5) (H2O) (CaCl2) (S07) (S07) (S07) (W/B) 
mg/kg mS/m   % % % % 
0–10  12 6.6 5.9 79.5 5 15.5 0.77 
10–40 < 1 20 5.2 4.7 64.5 4 31.5 0.46 
 
Depth 
(cm) 
N P P K P 
(total) (HCO3) PRI (HCO3) (totals) 
% mg/kg mL/g mg/kg mg/kg 
0–10 0.046 11 6 240 120 
10–40 0.041 2 15 93 110 
 
Depth 
(cm) 
CEC Ca Mg Na K 
(NH4Cl) (exch) (exch) (exch) (exch) 
cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg 
0–10 6 a3.77 a0.8 a 1.0 a0.55 
10–40 7 b4.03 b1.6 b0.21 b0.12 
 
Particle size analysis 
Depth 
 (cm) 
Coarse 
sand 
Medium 
sand Fine sand 
Very fine 
sand Silt  Clay 
> 0.6 (mm) 
0.6–0.18 
(mm) 
0.18–0.106 
(mm) 
0.106–0.02 
(mm) 
0.02–0.002 
(mm) 
< 0.002 
(mm) 
0–10 14.0 37.4 12.2 15.9 4.9 15.6 
10–40 14.1 30.8 9.5 10.3 3.9 31.4 
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Appendix B: Detailed APSIM soil-landscape analysis 
Table B.1 Entire NEAR study area_worst yielding soils, soil quality and landscape positions (APSIM 
Group 1 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Salt lake soil  Salt lake 34 912 1.4 
Saline wet soil Loamy Poorly drained flood plain, salt risk 24 247 1.0 
Saline wet soil Loamy Poorly drained drainage depression, salt risk 20 172 0.8 
Undifferentiated soil  Salt lake 13 953 0.5 
Saline wet soil Shallow sandy duplex Poorly drained drainage depression, salt risk 7297 0.3 
Red shallow loamy duplex Saline subsoil Poorly drained flood plain, salt risk 6758 0.3 
Bare rock  Crests & slopes < 3% 6615 0.3 
Bare rock  Slopes 1–3% 5439 0.2 
Red shallow sandy duplex Saline subsoil Poorly drained flat, salt risk 3929 0.2 
Yellow/brown shallow loamy 
duplex 
Saline subsoil Slopes 1–3% 3741 0.1 
Calcareous deep sand Poor sand, very deep High foredune 3095 0.1 
Red shallow sand 
Good sand over rock at 
30–80 cm 
Cliff/breakaway 2762 0.1 
Saline wet soil Loamy duplex Poorly drained drainage depression, salt risk 2621 0.1 
Grey non-cracking clay Saline Slopes 1–3% 2554 0.1 
Alkaline red shallow loamy 
duplex 
Good alkaline subsoil Poorly drained drainage depression 2164 0.09 
Red shallow sandy duplex Saline subsoil Poorly drained drainage depression, salt risk 2147 0.08 
Acid shallow duplex Poor subsoil Footslopes < 3% 1967 0.08 
Brown deep loamy duplex Saline subsoil Poorly drained drainage depression, salt risk 1834 0.07 
Hard cracking clay Saline Slopes 1–3% 1581 0.06 
Saline wet soil Loamy & calcareous Poorly drained drainage depression, salt risk 1520 0.06 
Self-mulching cracking clay Saline Poorly drained flat, salt risk 1490 0.06 
Self-mulching cracking clay Saline Slopes 1–3% 1392 0.05 
Bare rock  Slopes 3–5% 1381 0.05 
Calcareous deep sand Poor sand, very deep Low foredune 1326 0.05 
Red shallow loamy duplex Saline subsoil Poorly drained drainage depression, salt risk 1196 0.05 
Red/brown non-cracking clay Alkaline subsoil Poorly drained drainage depression, salt risk 1123 0.04 
Acid shallow duplex Poor subsoil Cliff/breakaway 1118 0.04 
Yellow/brown shallow loamy 
duplex 
Saline subsoil Poorly drained drainage depression, salt risk 1071 0.04 
Pale deep sand Poor sand, very deep Cliff/breakaway 1038 0.04 
Alkaline red shallow loamy 
duplex 
Saline subsoil Poorly drained drainage depression, salt risk 979 0.04 
Alkaline red shallow loamy 
duplex 
Saline subsoil Footslopes < 3%, salt risk 961 0.04 
Grey non-cracking clay Saline Cliff/breakaway 851 0.03 
Saline wet soil Shallow sandy duplex Salt lake 851 0.03 
Hard cracking clay Saline Footslopes < 3% 668 0.03 
Alkaline red shallow loamy 
duplex 
Saline subsoil Well-drained flood plain 642 0.03 
Saline wet soil Loamy & calcareous Poorly drained flat, salt risk 585 0.02 
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Acid shallow duplex Poor subsoil Well drained flood plain 558 0.02 
Undifferentiated soil  Poorly drained drainage depression 497 0.02 
Calcareous loamy earth Good alkaline subsoil Poorly drained drainage depression, salt risk 455 0.02 
Undifferentiated soil  Stream channel 447 0.02 
Saline wet soil Loamy Poorly drained drainage depression 443 0.02 
Hard cracking clay Alkaline subsoil Poorly drained drainage depression 439 0.02 
Yellow/brown shallow sand Very shallow rock < 30 cm Rock outcrop 430 0.02 
Grey non-cracking clay Saline Slopes 5–10% 426 0.02 
Grey non-cracking clay Saline Well-drained footslopes < 3%, salt risk 426 0.02 
Saline wet soil Clay topsoil Poorly drained drainage depression, salt risk 419 0.02 
Bare rock  Slopes 10–15% 415 0.02 
Wet soil Deep sandy duplex Swamp 403 0.02 
Grey non-cracking clay Saline Poorly drained flood plain, salt risk 366 0.01 
Red-brown hardpan shallow 
loam 
Loam over hardpan  
30–80 cm 
Rock outcrop 350 0.01 
Saline wet soil Loamy & calcareous Poorly drained flood plain, salt risk 336 0.01 
Saline wet soil Clay topsoil Poorly drained flat, salt risk 313 0.01 
Wet soil Loamy Footslopes < 3%, salt risk 295 0.01 
Hard cracking clay Saline Poorly drained flat, salt risk 294 0.01 
Red sandy earth Saline subsoil Poorly drained drainage depression, salt risk 263 0.01 
Yellow/brown shallow loamy 
duplex 
Saline subsoil Well-drained flood plain, salt risk 242 0.01 
Calcareous loamy earth Saline subsoil Stream channel, salt risk 242 0.01 
Calcareous loamy earth Good alkaline subsoil Poorly drained drainage depression 235 0.009 
Saline wet soil Clay topsoil Salt lake 213 0.008 
Saline wet soil Loamy duplex Poorly drained flood plain, salt risk 209 0.008 
Calcareous loamy earth Saline subsoil Poorly drained drainage depression, salt risk 207 0.008 
Yellow/brown shallow loamy 
duplex 
Saline subsoil Poorly drained flood plain, salt risk 206 0.008 
Wet soil Loamy & calcareous Swamp 192 0.008 
Hard cracking clay Saline Poorly drained flood plain, salt risk 187 0.007 
Bare rock  Cliff/breakaway 181 0.007 
Self-mulching cracking clay Saline Well-drained flat, salt risk 155 0.006 
Saline wet soil Loamy Footslopes < 3%, salt risk 137 0.005 
Bare rock  Slopes 5–10% 112 0.004 
Red/brown non-cracking clay Saline Poorly drained flood plain, salt risk 106 0.004 
Alkaline red shallow loamy 
duplex 
Saline subsoil Poorly drained flood plain, salt risk 105 0.004 
Grey non-cracking clay Saline Poorly drained drainage depression, salt risk 100 0.004 
Disturbed land  Poorly drained drainage depression, salt risk 100 0.004 
Disturbed land  Disturbed land 92 0.004 
Stony soil Loamy matrix Cliff/breakaway 72 0.003 
Undifferentiated soil  Stream channel, salt risk 64 0.003 
Bare rock  Rise > 2m 59 0.002 
Hard cracking clay Saline Poorly drained drainage depression, salt risk 53 0.002 
Saline wet soil Shallow sandy duplex Poorly drained flat, salt risk 45 0.002 
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Alkaline grey shallow sandy 
duplex 
Saline subsoil Poorly drained flat, salt risk 42 0.002 
No suitable group  Stream channel 38 0.001 
Alkaline grey deep sandy 
duplex 
Saline subsoil Poorly drained flat, salt risk 22 0.001 
Water  Water 7 0.0003 
Red loamy earth Rock/hardpan at 30–80 cm Slopes > 30% 5 0.0002 
Red shallow loam Very shallow rock < 30 cm Slopes 15–30% 5 0.0002 
Red shallow loam Very shallow rock < 30 cm Slopes > 30% 5 0.0002 
Red shallow loam Saline Poorly drained drainage depression, salt risk 5 0.0002 
Brown loamy earth Saline subsoil Poorly drained drainage depression, salt risk 4 0.0002 
Wet soil Deep sandy duplex Poorly drained drainage depression, salt risk 3 0.0001 
   177 004 7.0 
 
Table B.2 Entire NEAR study area - poor yielding soils, soil quality and landscape positions (APSIM Group 
2 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Stony soil Loamy matrix Crests & slopes < 3% 20 610 0.8 
Pale deep sand Poor sand, very deep Upland plain 15 191 0.6 
Shallow gravel Very shallow rock < 30 cm Upland plain 8360 0.3 
Shallow gravel Sandy matrix Upland plain 6799 0.3 
Stony soil Sandy matrix Crests & slopes < 3% 4501 0.2 
Stony soil Loamy matrix Slopes 3–5% 4501 0.2 
Yellow/brown shallow sand Poor sand over deep rock Upland plain 3946 0.2 
Stony soil Loamy matrix Slopes 5–10% 2762 0.1 
Pale shallow sand Poor sand over deep rock Crests & slopes < 3% 2569 0.1 
Calcareous deep sand Poor sand over deep rock Slopes 5–10% 2248 0.1 
Shallow gravel Very shallow rock < 30 cm Crests & slopes < 3% 2150 0.1 
Stony soil Loamy matrix Slopes 1–3% 2100 0.1 
Pale deep sand Poor sand, very deep Slopes 1–3% 2093 0.1 
Stony soil Clay loam matrix Crests & slopes < 3% 1987 0.1 
Calcareous deep sand Poor sand over deep rock Swale 1927 0.1 
Calcareous deep sand Gritty Upland plain 1844 0.1 
Shallow gravel Very shallow rock < 30 cm Slopes 1–3% 1713 0.1 
Deep sandy gravel Poor sand over deep rock Slopes 1–3% 1673 0.1 
Calcareous deep sand Poor sand, very deep Crests & slopes < 3% 1606 0.1 
Shallow gravel Sandy matrix Slopes 1–3% 1306 0.1 
Calcareous deep sand Poor sand, very deep Rise > 2 m 1248 0.05 
Calcareous shallow sand Poor sand over deep rock Slopes 5–10% 1142 0.04 
Stony soil Very shallow rock < 30 cm Slopes 3–5% 1124 0.04 
Stony soil Very shallow rock < 30 cm Well-drained drainage depression 929 0.04 
Shallow gravel Very shallow rock < 30 cm Rise > 2 m 856 0.03 
Calcareous shallow sand Poor sand over deep rock Crests & slopes < 3% 816 0.03 
Stony soil Sandy matrix Slopes 5–10% 664 0.03 
Shallow gravel Sandy matrix Crests & slopes < 3% 651 0.03 
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Calcareous deep sand Poor sand over deep rock Slopes 10–15% 642 0.03 
Sandy duplex Poor subsoil Poorly drained drainage depression 523 0.02 
Calcareous shallow sand Poor sand over deep rock Slopes 10–15% 490 0.02 
Stony soil Very shallow rock < 30 cm Slopes 1–3% 474 0.02 
Stony soil Very shallow rock < 30 cm Crests & slopes < 3% 409 0.02 
Stony soil Sandy matrix Slopes 3–5% 293 0.01 
Shallow gravel Sandy matrix Rise > 2 m 232 0.01 
Red loamy earth Saline subsoil Poorly drained drainage depression, salt risk 199 0.01 
Stony soil Loamy matrix Slopes 10–15% 188 0.01 
Pale shallow sand 
Gritty sand over rock at 
30–80 cm 
Crests & slopes < 3% 173 0.01 
Calcareous shallow sand Poor sand over deep rock Well-drained closed depression 148 0.01 
Stony soil Sandy matrix Slopes 10–15% 146 0.01 
Red shallow sand 
Poor sand over rock at  
30–80 cm  
Slopes 1–3% 135 0.01 
Stony soil Sandy matrix Rise > 2 m 119 0.005 
Pale shallow sand 
Poor sand over rock at  
30–80 cm  
Well-drained footslopes < 3% 101 0.004 
Shallow gravel Very shallow rock < 30 cm Slopes 5–10% 101 0.004 
Deep sandy gravel 
Poor sand over reticulite @ 
> 80 cm 
Long slopes 1–3% 100 0.004 
Deep sandy gravel Poor sand over deep rock Upland plain 78 0.003 
Calcareous shallow sand Poor sand over deep rock Rise > 2 m 59 0.002 
Sandy duplex Saline subsoil Poorly drained drainage depression, salt risk 49 0.002 
Red-brown hardpan shallow 
loam 
Loam over hardpan  
30–80 cm  
Poorly drained drainage depression, salt risk 47 0.002 
Shallow gravel Sandy matrix Slopes 3–5% 45 0.002 
Pale deep sand Poor sand, very deep Footslopes < 3% 39 0.002 
Stony soil Loamy matrix Slopes 15–30% 38 0.002 
Pale deep sand Poor sand, very deep Well drained footslopes < 3% 26 0.001 
Pale shallow sand Poor sand over deep rock Low rise < 2 m 26 0.001 
Pale deep sand Poor sand, very deep Low rise < 2 m 25 0.001 
Pale deep sand Poor sand, very deep Poorly drained drainage depression 13 0.001 
Red loamy earth Rock/hardpan at 30–80 cm Slopes 15–30% 11 0.0004 
Pale shallow sand 
Poor sand over rock at  
30–80 cm  
Upland plain 10 0.0004 
Stony soil Sandy matrix Upland plain 0 0.0000 
Yellow/brown shallow loamy 
duplex 
Saline subsoil Poorly drained flood plain, salt risk 206 0.008 
Yellow/brown shallow sandy 
duplex 
Poor subsoil Poorly drained flood plain 198 0.008 
Yellow/brown shallow sandy 
duplex 
Poor subsoil Poorly drained flat, salt risk 188 0.007 
Hard cracking clay Saline Poorly drained flood plain, salt risk 187 0.007 
Pale shallow sand 
Gritty sand over rock at 
30–80 cm  
Crests & slopes < 3% 173 0.007 
Yellow/brown shallow sand 
Good sand, deep rock 
substrate 
Upland plain 156 0.006 
Calcareous shallow sand Poor sand over deep rock Well-drained closed depression 148 0.006 
Saline wet soil Loamy topsoil Footslopes < 3%, salt risk 137 0.01 
Red shallow sand Poor sand over deep rock Slopes 1–3% 135 0.01 
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Gravelly pale deep sand Poor sand over deep rock Slopes 1–3% 111 0.004 
Shallow gravel Loamy matrix Footslopes < 3% 108 0.004 
Red shallow sand 
Good sand, deep rock 
substrate 
Crests & slopes < 3% 102 0.004 
Pale shallow sand Poor sand over deep rock Well-drained footslopes < 3% 101 0.004 
Shallow gravel Loamy matrix Low rise < 2 m 101 0.004 
Grey non-cracking clay Saline Poorly drained drainage depression, salt risk 100 0.004 
Deep sandy gravel Poor sand over deep rock Upland plain 78 0.003 
Grey deep sandy duplex Poor sand, poor subsoil Poorly drained flat 78 0.003 
Alkaline grey deep sandy 
duplex 
Poor sand, poor subsoil Poorly drained flat 67 0.003 
Calcareous shallow sand Poor sand over deep rock Rise > 2 m 59 0.002 
Red shallow sand 
Poor sand over rock at  
30–80 cm  
Poorly drained drainage depression 56 0.002 
Hard cracking clay Saline Poorly drained drainage depression, salt risk 53 0.002 
Sandy duplex Saline subsoil Poorly drained drainage depression, salt risk 49 0.002 
Shallow gravel Sandy matrix Slopes 3–5% 45 0.002 
Saline wet soil Shallow sandy duplex Poorly drained flat, salt risk 45 0.002 
Alkaline grey shallow sandy 
duplex 
Poor subsoil Poorly drained flat 45 0.002 
Alkaline grey shallow sandy 
duplex 
Saline subsoil Poorly drained flat, salt risk 42 0.002 
Pale deep sand Poor sand, very deep Footslopes < 3% 39 0.002 
Pale deep sand Poor sand, very deep Poorly drained drainage depression 34 0.001 
Shallow gravel Loamy matrix Well-drained drainage depression 27 0.001 
Pale shallow sand Poor sand over deep rock Low rise < 2 m 26 0.001 
Alkaline grey deep sandy 
duplex 
Saline subsoil Poorly drained flat, salt risk 22 0.001 
Grey deep sandy duplex Poor sand, poor subsoil Footslopes < 3% 21 0.001 
Grey deep sandy duplex 
Poor sand, good neutral 
subsoil 
Poorly drained drainage depression 17 0.001 
Pale shallow sand Poor sand over deep rock Upland plain 10 0.0004 
Semi-wet soil Calcareous sand Poorly drained drainage depression 10 0.0004 
Grey deep sandy duplex Poor sand, poor subsoil Poorly drained drainage depression 9 0.0003 
Yellow deep sand Poor sand, very deep Poorly drained drainage depression 7 0.0003 
Grey shallow sandy duplex Poor subsoil Poorly drained flat 3 0.0001 
Semi-wet soil Deep sand > 80 cm Footslopes < 3% 0 0.0000 
   105,171 4.1 
 
                                                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 97 
Table B.3 Entire NEAR study area - marginally productive soils, soil quality and landscape positions 
(APSIM Group 3 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Yellow deep sand Fair sand, very deep Upland plain 167 501 6.6 
Yellow deep sand Fair sand, very deep Rise > 2 m 103 324 4.1 
Red shallow sand 
Good sand over rock at 
30–80 cm 
Crests & slopes < 3% 61 479 2.4 
Yellow deep sand Acid sand Upland plain 51 532 2.0 
Yellow sandy earth Good acid subsoil Long slopes 1–3% 51 195 2.0 
Yellow sandy earth Good acid subsoil Slopes 1–3% 39 527 1.6 
Yellow deep sand Acid sand Slopes 1–3% 25 709 1.0 
Yellow sandy earth Good acid subsoil Upland plain 24 599 1.0 
Acid yellow sandy earth Poor subsoil Slopes 1–3% 24 585 1.0 
Yellow deep sand Fair sand, very deep Crests & slopes < 3% 21 315 0.8 
Red-brown hardpan shallow 
loam 
Loam over hardpan  
30–80 cm  
Poorly drained flood plain, salt risk 20 511 0.8 
Red-brown hardpan shallow 
loam 
Loam over hardpan 
30–80 cm  
Poorly drained drainage depression, salt risk 17 655 0.7 
Acid yellow sandy earth Good acid subsoil Slopes 1–3% 13 765 0.5 
Red loamy earth Poor subsoil Poorly drained flat 12 006 0.5 
Yellow deep sand Acid sand Crests & slopes < 3% 11 879 0.5 
Red sandy earth Poor subsoil Poorly drained flood plain, salt risk 11 786 0.5 
Acid yellow sandy earth Good acid subsoil Upland plain 9367 0.4 
Red-brown hardpan shallow 
loam 
Loam over hardpan  
30–80 cm  
Poorly drained flood plain 8384 0.3 
Shallow gravel Loamy matrix Upland plain 8370 0.3 
Yellow deep sand Fair sand, very deep Long slopes 1–3% 8314 0.3 
Yellow deep sand Good sand, very deep Crests & slopes < 3% 8135 0.3 
Acid yellow sandy earth Good acid subsoil Long slopes 1–3% 7658 0.3 
Calcareous loamy earth Saline subsoil Poorly drained flat, salt risk 7629 0.3 
Yellow/brown shallow sand Acid sand Crests & slopes < 3% 7247 0.3 
Red shallow sand 
Good sand over rock at 
30–80 cm  
Slopes 1–3% 6863 0.3 
Calcareous loamy earth Good alkaline subsoil Well drained flood plain 6301 0.2 
Yellow deep sand Fair sand, very deep Slopes 3–5% 6264 0.2 
Yellow/brown shallow sand 
Good sand, deep rock 
substrate 
Upland plain 5559 0.2 
Gravelly pale deep sand Poor sand over deep rock Upland plain 4519 0.2 
Yellow loamy earth Good acid subsoil Upland plain 4433 0.2 
Yellow/brown shallow sand Acid sand Upland plain 4433 0.2 
Calcareous loamy earth Good alkaline subsoil Slopes 1–3% 4400 0.2 
Calcareous loamy earth Good alkaline subsoil Footslopes < 3% 4358 0.2 
Yellow deep sand Fair sand, very deep Slopes 1–3% 4208 0.2 
Shallow gravel Loamy matrix Crests & slopes < 3% 4105 0.2 
Yellow deep sand Poor sand, very deep Upland plain 3978 0.2 
Duplex sandy gravel Acid subsoil Crests & slopes < 3% 3829 0.2 
Yellow deep sand 
Fair sand, deep rock 
substrate 
Rise > 2m 3475 0.1 
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Red loamy earth Saline subsoil Poorly drained flat, salt risk 3412 0.1 
Yellow deep sand Poor sand over deep rock Crests & slopes < 3% 3083 0.1 
Hard cracking clay Alkaline subsoil Poorly drained flood plain 2972 0.1 
Red deep sand Acid sand Long slopes 1–3% 2819 0.1 
Calcareous loamy earth Good alkaline subsoil Poorly drained flood plain 2693 0.1 
Yellow deep sand Acid sand Long slopes 1–3% 2562 0.1 
Self-mulching cracking clay Alkaline subsoil Gilgai depression 2296 0.1 
Red-brown hardpan shallow 
loam 
Loam over hardpan 
30–80 cm  
Poorly drained drainage depression 2248 0.1 
Gravelly pale deep sand Poor sand, very deep Crests & slopes < 3% 2227 0.1 
Yellow sandy earth Good acid subsoil Crests & slopes < 3% 2217 0.1 
Grey shallow sandy duplex Good neutral subsoil Crests & slopes < 3% 2057 0.1 
Brown sandy earth Poor subsoil Poorly drained drainage depression 2029 0.1 
Red loamy earth Poor subsoil Poorly drained drainage depression 2029 0.1 
Red sandy earth Poor subsoil Poorly drained drainage depression 2029 0.1 
Red loamy earth Rock/hardpan at 30–80 cm  Poorly drained drainage depression, salt risk 2011 0.1 
Red loamy earth Rock/hardpan at 30–80 cm  Poorly drained drainage depression 1948 0.1 
Calcareous loamy earth Poor subsoil Poorly drained flood plain, salt risk 1929 0.1 
Pale deep sand Poor sand over deep rock Low rise < 2m 1899 0.1 
Calcareous loamy earth Saline subsoil Poorly drained flood plain, salt risk 1830 0.1 
Yellow sandy earth Good acid subsoil Well-drained flood plain 1673 0.1 
Red deep sand Good sand, very deep Crests & slopes < 3% 1670 0.1 
Hard cracking clay Alkaline subsoil Poorly drained flood plain, salt risk 1604 0.1 
Yellow/brown shallow sand Acid sand Well-drained footslopes < 3% 1525 0.1 
Calcareous loamy earth Poor subsoil Footslopes < 3% 1497 0.1 
Red loamy earth Rock/hardpan at 30–80 cm  Footslopes < 3% 1463 0.1 
Alkaline red shallow loamy 
duplex 
Poor subsoil Crests & slopes < 3% 1454 0.1 
Brown deep sand Fair sand, very deep Crests & slopes < 3% 1405 0.1 
Shallow gravel Loamy matrix Slopes 3–5% 1317 0.1 
Yellow/brown shallow sand 
Good sand, deep rock 
substrate 
Crests & slopes < 3% 1302 0.1 
Yellow loamy earth Good acid subsoil Slopes 1–3% 1281 0.1 
Yellow/brown shallow sand 
Good sand, deep rock 
substrate 
Slopes 1–3% 1261 0.05 
Red loamy earth Good alkaline subsoil Poorly drained flood plain 1255 0.05 
Yellow deep sand Poor sand, very deep Slopes 1–3% 1186 0.05 
Calcareous loamy earth Poor subsoil Poorly drained flood plain 1175 0.05 
Red loamy earth Saline subsoil Footslopes < 3%, salt risk 1120 0.04 
Acid yellow sandy earth Good acid subsoil Well-drained flood plain 1116 0.04 
Red/brown non-cracking clay Alkaline subsoil Poorly drained drainage depression 1082 0.04 
Hard cracking clay Alkaline subsoil Poorly drained flat 898 0.04 
Calcareous loamy earth Good alkaline subsoil Well-drained footslopes < 3% 887 0.03 
Red shallow sand 
Good sand over rock at 
30_80 cm 
Slopes 3–5% 816 0.03 
Red-brown hardpan shallow 
loam 
Loam over hardpan  
30–80 cm  
Poorly drained flat, salt risk 812 0.03 
Brown loamy earth Good alkaline subsoil Poorly drained flood plain 760 0.03 
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Brown deep sand Poor sand, very deep Upland plain 754 0.03 
Alkaline red shallow loamy 
duplex 
Poor subsoil Slopes 5–10% 753 0.03 
Shallow gravel Loamy matrix Slopes 5–10% 736 0.03 
Yellow deep sand 
Fair sand, deep rock 
substrate 
Low rise < 2m 689 0.03 
Red sandy earth Good alkaline subsoil Poorly drained flat 585 0.02 
Red sandy earth Good neutral subsoil Poorly drained drainage depression 582 0.02 
Red-brown hardpan shallow 
loam 
Loam over hardpan 
30–80 cm  
Gilgai depression 574 0.02 
Red deep sand Poor sand over deep rock Poorly drained flood plain, salt risk 528 0.02 
Red loamy earth Rock/hardpan at 30–80 cm  Poorly drained flood plain 507 0.02 
Calcareous loamy earth Poor subsoil Footslopes < 3%, salt risk 499 0.02 
Red shallow loam Very shallow rock < 30 cm Footslopes < 3% 458 0.02 
Calcareous loamy earth Good alkaline subsoil Gilgai depression 383 0.02 
Red deep sand Good sand, very deep Low rise < 2m 382 0.02 
Red loamy earth Saline subsoil Poorly drained flood plain, salt risk 368 0.01 
Gravelly pale deep sand Poor sand, effective duplex Crests & slopes < 3% 343 0.01 
Brown deep sand Poor sand, very deep Crests & slopes < 3% 343 0.01 
Self-mulching cracking clay Alkaline subsoil Poorly drained flood plain, salt risk 336 0.01 
Gravelly pale deep sand 
Good sand, deep rock 
substrate 
Crests & slopes < 3% 335 0.01 
Pale sandy earth Rock/hardpan at 30–80 cm  Poorly drained flat 320 0.01 
Hard cracking clay CNE Poorly drained flat 297 0.01 
Red/brown non-cracking clay Alkaline subsoil Poorly drained flat, salt risk 293 0.01 
Red/brown non-cracking clay Alkaline subsoil Poorly drained flat 293 0.01 
Calcareous loamy earth Good alkaline subsoil Poorly drained flat, salt risk 293 0.01 
Yellow sandy earth Good acid subsoil Poorly drained flat 293 0.01 
Red shallow loam 
Loam over hardpan  
30–80 cm   
Poorly drained flat 293 0.01 
Calcareous loamy earth Good alkaline subsoil Poorly drained flood plain, salt risk 253 0.01 
Brown sandy earth Good alkaline subsoil Poorly drained flood plain 253 0.01 
Gravelly pale deep sand Poor sand, effictive duplex Upland plain 247 0.01 
Red/brown non-cracking clay Alkaline subsoil Footslopes < 3% 229 0.01 
Self-mulching cracking clay Alkaline subsoil Poorly drained flood plain 214 0.01 
Red loamy earth Poor subsoil Poorly drained flood plain, salt risk 213 0.01 
Self-mulching cracking clay Alkaline subsoil Gilgai depression, salt risk 191 0.01 
Red loamy earth Rock/hardpan at 30–80 cm  Gilgai depression 191 0.01 
Brown loamy earth Good alkaline subsoil Poorly drained drainage depression 178 0.01 
Calcareous loamy earth Good alkaline subsoil Footslopes < 3%, salt risk 162 0.01 
Brown deep sand Fair sand, very deep Slopes 1–3% 131 0.01 
Alkaline red shallow loamy 
duplex 
Good alkaline subsoil Slopes 10–15% 125 0.005 
Calcareous loamy earth Good alkaline subsoil Upland plain 119 0.005 
Gravelly pale deep sand Poor sand, very deep Upland plain 119 0.005 
Red loamy earth Good alkaline subsoil Poorly drained flat 117 0.005 
Gravelly pale deep sand Poor sand over deep rock Slopes 1–3% 111 0.004 
Shallow gravel Loamy matrix Footslopes < 3% 108 0.004 
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Brown loamy earth Good alkaline subsoil Poorly drained flood plain, salt risk 106 0.004 
Shallow gravel Loamy matrix Low rise < 2m 101 0.004 
Self-mulching cracking clay Alkaline subsoil Footslopes < 3%, salt risk 99 0.004 
Calcareous loamy earth Good alkaline subsoil Crests & slopes < 3% 96 0.004 
Yellow loamy earth Good acid subsoil Crests & slopes < 3% 88 0.003 
Yellow deep sand Fair sand, very deep Hillside seep 78 0.003 
Pale deep sand Poor sand, effictive duplex Upland plain 78 0.003 
Gravelly pale deep sand Good sand, very deep Crests & slopes < 3% 66 0.003 
Red shallow sand 
Poor sand over rock at  
30–80 cm  
Poorly drained drainage depression 56 0.002 
Red deep sand Poor sand, effictive duplex Well-drained flood plain 54 0.002 
Red-brown hardpan shallow 
loam 
Loam over hardpan 
30–80 cm  
Footslopes < 3%, salt risk 45 0.002 
Self-mulching cracking clay Alkaline subsoil Poorly drained flat, salt risk 40 0.002 
Red deep sand Fair sand, very deep Rise > 2m 32 0.001 
Yellow deep sand Good sand, very deep Rise > 2m 30 0.001 
Shallow gravel Loamy matrix Well drained drainage depression 27 0.001 
Pale deep sand Poor sand, effictive duplex Slopes 1–3% 21 0.001 
Pale deep sand Poor sand, very deep Poorly drained drainage depression 20 0.001 
Brown loamy earth Good alkaline subsoil Poorly drained flat 20 0.001 
Yellow/brown shallow sandy 
duplex 
Poor subsoil Slopes 5–10% 20 0.001 
Brown deep sand Poor sand, effictive duplex Well drained footslopes < 3% 19 0.001 
Self-mulching cracking clay Neutral subsoil Poorly drained flat 11 0.0004 
Red shallow loam Very shallow rock < 30 cm Slopes 10–15% 11 0.0004 
Red shallow loam 
Loam over hardpan  
30–80 cm  
Poorly drained drainage depression 10 0.0004 
Grey deep sandy duplex Poor sand, poor subsoil Upland plain 7 0.0003 
Yellow deep sand Poor sand, very deep Poorly drained drainage depression 7 0.0003 
Grey non-cracking clay Alkaline subsoil Poorly drained flat 5 0.0002 
Self-mulching cracking clay Neutral subsoil Poorly drained flat, salt risk 3 0.0001 
Calcareous loamy earth Good alkaline subsoil Poorly drained flat 3 0.0001 
   
878,395 34.5 
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Table B.4 Binnu–Yuna area—worst yielding soils, soil quality and landscape positions (APSIM Group 1 
soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Saline wet soil loamy Drainage depression, saline 3394 0.8 
Bare rock No soil quality Crests & upper slopes < 3% 2065 0.5 
Pale deep sand Poor sand very deep Cliffs and breakaways 875 0.2 
Saline wet soil Shallow sandy duplex Drainage depression, saline 281 0.1 
Saline wet soil loamy Poorly drained flood plain, saline 56 0.01 
No suitable group No soil quality  Stream channel 38 0.01 
Bare rock No soil quality Slopes 1–3% 32 0.01 
Yellow/brown 
shallow sand 
Very shallow (< 30 cm) Rock outcrop 6 
0.002 
Red loamy earth Rock substrate Slopes > 30% 5 0.001 
Red shallow loam Very shallow (< 30 cm) Slopes > 30% 5 0.001 
Red shallow loam Very shallow (< 30 cm) Slopes 15–30% 5 0.001 
      6763 1.7 
Table B.5 Binnu–Yuna area—poor yielding soils, soil quality and landscape positions (APSIM Group 2 
soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Pale deep sand Poor sand, very deep Upland plain 15 191 3.7 
Shallow gravel Very shallow rock < 30 cm Upland plain 8360 2.1 
Stony soil Sandy matrix Crests & slopes < 3% 3610 1.0 
Pale shallow sand Poor sand over deep rock Crests & slopes < 3% 2625 1.0 
Pale deep sand Poor sand, very deep Slopes 1–3% 1988 0.5 
Pale shallow sand 
Gritty sand over rock at 
30–80 cm 
Upland plain 1844 0.5 
Shallow gravel Very shallow rock < 30 cm Slopes 1–3% 1750 0.4 
Stony soil Very shallow rock < 30 cm Slopes 3–5% 1124 0.3 
Stony soil Very shallow rock < 30 cm Well-drained drainage depression 929 0.2 
Grey deep sandy 
duplex 
Poor sand, poor subsoil 
Poorly drained drainage depression, 
salt risk 
281 0.1 
Shallow gravel Sandy matrix Crests & slopes < 3% 87 0.02 
Red-brown hardpan 
shallow loam 
Loam over hardpan  
30–80 cm  
Poorly drained drainage depression, 
salt risk 
47 0.01 
Shallow gravel Very shallow rock < 30 cm Crests & slopes < 3% 32 0.01 
Stony soil Loamy matrix Crests & slopes < 3% 24 0.01 
Semi-wet soil Deep sandy duplex Swamp 23 0.01 
Red loamy earth Rock/hardpan at 30–80 cm  Slopes 15–30% 11 0.003 
Stony soil Sandy matrix Slopes 5–10% 6 0.002 
Stony soil Loamy matrix Slopes 10–15% 1 0.0003 
      37 934 9.3 
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Table B.6 Binnu–Yuna area—marginally productive soils, soil quality and landscape positions (APSIM 
Group 3 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Yellow deep sand Fair sand, very deep Upland plain 100 883 24.8 
Yellow deep sand Fair sand, very deep Rise > 2 m 65 461 16.1 
Pale deep sand Good sand, very deep Upland plain 10 646 2.6 
Shallow gravel Loamy matrix Upland plain 8360 2.1 
Pale deep sand Poor sand over deep rock Upland plain 7595 1.9 
Pale deep sand Good sand, very deep Slopes 1–3% 6957 1.7 
Yellow deep sand Fair sand, very deep Long slopes 1–3% 5981 1.5 
Pale deep sand Good sand, very deep Slopes 3–5% 5837 1.4 
Yellow deep sand Fair sand, very deep Crests & slopes < 3% 4698 1.2 
Yellow deep sand Poor sand, very deep Upland plain 3978 1.0 
Yellow deep sand Fair sand, very deep Slopes 3–5% 3858 0.9 
Gravelly pale deep 
sand 
Poor sand over deep rock Upland plain 3798 0.9 
Yellow deep sand Poor sand over deep rock Crests & slopes < 3% 3150 0.8 
Gravelly pale deep 
sand 
Poor sand, very deep Crests & slopes < 3% 2275 0.6 
Pale deep sand Poor sand over deep rock Low rise < 2 m 1899 0.5 
Brown deep sand Fair sand, very deep Crests & slopes < 3% 1405 0.3 
Shallow gravel Loamy matrix Crests & slopes < 3% 1228 0.3 
Pale deep sand Good sand, very deep Slopes 5–10% 738 0.2 
Shallow gravel Loamy matrix Slopes 5–10% 736 0.2 
Yellow deep sand Poor sand, very deep Slopes 1–3% 448 0.1 
Yellow/brown 
shallow sand 
Good sand, deep rock 
substrate 
Crests & slopes < 3% 376 0.1 
Gravelly pale deep 
sand 
Poor sand, effective duplex Crests & slopes < 3% 350 0.1 
Brown deep sand Poor sand, very deep Crests & slopes < 3% 350 0.1 
Yellow deep sand Fair sand, very deep Slopes 1–3% 317 0.1 
Red deep sand Poor sand, effective duplex Well-drained flood plain 54 0.01 
Red-brown hardpan 
shallow loam 
Loam over hardpan  
30–80 cm 
Poorly drained flood plain, salt risk 45 0.01 
Red-brown hardpan 
shallow loam 
Loam over hardpan  
30–80 cm 
Poorly drained drainage depression, 
salt risk 
38 0.01 
Red deep sand Fair sand, very deep Rise > 2 m 32 0.01 
Yellow deep sand 
Fair sand, deep rock 
substrate 
Rise > 2 m 28 0.01 
Pale deep sand Good sand, very deep Rise > 2 m 17 0.004 
Red shallow loam Very shallow rock < 30cm Slopes 10–15% 11 0.003 
Self-mulching 
cracking clay 
Neutral subsoil Poorly drained flat 11 0.003 
Grey non-cracking 
clay- 
Alkaline subsoil Poorly drained flat 5 0.001 
Gravelly pale deep 
sand 
Poor sand, effictive duplex Rise > 2 m 4 0.001 
Brown deep sand Good sand, very deep Rise > 2 m 4 0.001 
  
   
241 575 59 
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Table B.7 Pindar–Tardun area—worst yielding soils, soil qualities and landscape positions (APSIM Group 
1 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Saline wet soil Loamy topsoil Poorly drained flood plain, salt risk 4990 1.8 
Saline wet soil Loamy topsoil 
Poorly drained drainage depression, 
salt risk 
1222 0.4 
Salt lake soil  Salt lake 929 0.3 
Red shallow loamy 
duplex 
Saline subsoil Poorly drained flood plain, salt risk 620 0.2 
Red/brown non-
cracking clay 
Alkaline subsoil 
Poorly drained drainage depression, 
salt risk 
78 0.0 
Saline wet soil Loamy topsoil Poorly drained drainage depression 73 0.03 
Bare rock  Crests & slopes < 3% 49 0.0 
Alkaline red shallow 
loamy duplex 
Saline subsoil Footslopes < 3%, salt risk 3 0.0 
     7,963 3 
Table B.8 Pindar–Tardun area—poor yielding soils, showing soil qualities and landscape positions 
(APSIM Group 2 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Yellow sandy earth Good acid subsoil Long slopes 1–3% 18 640 6.7 
Yellow deep sand Acid sand Upland plain 18 581 6.7 
Stony soil Loamy matrix Crests & slopes < 3% 12 979 4.7 
Yellow/brown 
shallow sand 
Acid sand Crests & slopes < 3% 3457 1.2 
Yellow sandy earth Good acid subsoil Upland plain 2969 1.1 
Shallow gravel Sandy matrix Upland plain 2014 0.7 
Shallow gravel Very shallow rock < 30cm Crests & slopes < 3% 485 0.2 
Stony soil Loamy matrix Slopes 1–3% 187 0.1 
Red deep sand Acid sand Long slopes 1–3% 167 0.1 
     59 481 21.3 
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Table B.9 Pindar–Tardun area—marginally productive soils, showing soil qualities and landscape 
positions (APSIM Group 3 soils expanded) 
WA Soil Group Soil quality Landscape position ha % 
Red shallow sand 
Good sand over rock at 
30–80 cm  
Crests & slopes < 3% 43 586 15.6 
Red-brown hardpan 
shallow loam, 
Loam over hardpan 
30–80 cm  
Poorly drained flood plain, salt risk 5049 1.8 
Red shallow sand 
Good sand over rock at 
30–80 cm  
Slopes 1–3% 4060 1.5 
Grey shallow sandy 
duplex 
Good neutral subsoil Crests & slopes < 3% 2056 0.7 
Red-brown hardpan 
shallow loam 
Loam over hardpan 
30–80 cm  
Poorly drained drainage depression, 
salt risk 
1636 0.6 
Red-brown hardpan 
shallow loam 
Loam over hardpan 
30–80 cm  
Poorly drained flat, salt risk 375 0.1 
Brown deep sand Poor sand, very deep Upland plain 228 0.1 
     56 990 20.5 
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Appendix C:  Farmer survey 
 
 
 
                                                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 106 
 
 
                                                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 107 
All questions relate to consistently unproductive areas on your farm. 
1. What is the size of your farm in hectares? ____________ 
2. How many ha are cleared for cropping? __________ 
3. How many ha are cleared but not used for cropping? __________ 
4. How many ha of remnant vegetation do you have? __________ 
5. Of the soil types listed below indicate the total areas of each on your property and what 
area is consistently unprofitable to crop? 
Soil type Total area 
(ha) 
Area 
unprofitable 
to crop (ha) 
Deep acid sands   
Shallow sand over gravel   
Shallow sand over rock   
Pale deep sands   
Salt affected   
Other 1 (Please name)   
Other 2 (Please name)   
Other 3 (Please name)   
Any further comments?  
 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
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How do you currently manage your wheat on these consistently unproductive areas? 
 Soil types 
Deep 
acid 
sands 
Shallow 
sand 
over 
gravel 
Shallow 
sand 
over 
rock 
Pale 
deep 
sands 
Salt 
affected 
Other 1 Other 2 
Rotation (e.g. wheat, lupin, 
wheat, pasture = WLWP) 
       
Yield (t/ha)        
 Product Rate for each soil type: kg or L / ha 
Fertilisers 
(product 
and rate) 
e.g. DAP 40 40 - 50 - - - 
        
        
        
        
Herbicide 
(product 
and rate) 
        
        
        
        
        
        
Fungicide 
        
Insecticide 
        
Other 
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7. What management options have you tried on the consistently unproductive areas and was 
it profitable, such as: 
 Tried Was it profitable? 
Continue cropping as per rest of paddock   
Continue cropping with reduced inputs   
Cropping opportunistically   
Annual pasture for grazing   
Annual pasture for fallow   
Perennial fodder shrubs (tagasaste, saltbush 
etc.) 
  
Perennial grasses   
Alley farming   
Amelioration (claying, gravelling, liming, etc.)   
 
Others or comments: ___________________________________________________ 
__________________________________________________________________________
__________________________________________________________________________
___________________________________________________________ 
 
8. Would you consider any of the above options in the future? Please comment:  
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
_________________________________________________ 
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9. Would you consider revegetating some of these consistently unproductive areas 
permanently? Yes/No 
 
If so, which soil types? (e.g. salt affected, acid) ____________________________ 
__________________________________________________________________________
__________________________________________________________________________
___________________________________________________________ 
 
10. What is the most important assistance needed to help farmers revegetate consistently 
unproductive areas permanently?  
Type of assistance 
Fencing incentives  
Subsidised revegetation  
Payment for carbon credits  
Rezoning and subdivision  
Technical advice  
Stewardship payments* (see below)  
Other  
If other, give brief description. ____________________________________________ 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
______________________________________________________ 
* Stewardship payments are payments made to landholders for managing remnant 
vegetation.  
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Please comment on any other types of mechanisms that would encourage growers to 
revegetate areas of unproductive land permanently? 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
____________________________________________ 
11. What research would you like to see happen in regards to changing land use on 
consistently unproductive areas in the Northern Agricultural region? 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
______________________________________________________ 
12. Please comment on any other ideas on changing land use of these consistently 
unproductive areas. 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
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Appendix D:  Oil mallee height survey December 2009 
 
Site location: Woogoondy  
GPS location point: 28˚56.56 115˚31.10 
Site description: Red sandy loam 7 rows planted along fenceline 
Site average annual rainfall: 325 mm 
Age of trees: 12 years old 
Species: Oil mallees E. loxophleba var. liss and E horistes 
Site average height: 1.6 m (40 x 40 m of row counted) 
 
 
Figure D1 Oil Mallees at Woongoondy site 
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Site Location: Tardun Christian Brothers Agricultural College  
GPS location point: 28˚42.04 115˚54.28 
Site description: acid sandy gravel; contour oil mallee planting 
Site average annual rainfall: 300 mm 
Age of trees: 20 years  
Species: Oil mallees E. loxophleba var. liss and E horistes 
Heights: measured in a double row and a single row (40 x 40 m of row counted)  
Site average height (overall): 1.7 m (surviving trees) 
Average height of mallees in double row: 1.6 m 
Average height of mallees in single row: 1.9 m 
 
 
Figure D2 Oil mallees at Tardun site 
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Site Location: Pindar_Tardun   
GPS location point: 28˚40.57 115˚41.54 
Site description: contour planting; sandy loam over gravel 12 rows 
Site average annual rainfall: 300 mm 
Age of trees: 10 years  
Species: Oil mallees E. loxophleba var. liss and E. horistes  
Site average height: 1.3 m  
Note: 
Too many deaths in centre rows so only did counts on the two outside rows (40 x 40 
m of row counted). 
 
Figure D3 Oil mallees at Pindar-Tardun site  
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Appendix E:  Precision agriculture report 
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Appendix F:  APSIM modelling 
Introduction 
Poor performing soils, soils with low plant available water capacity (PAWC), low capacity to 
supply N and subsoil constraints (acidity, compaction and rocks) are uneconomic for crop 
production. We assessed the ability of these soils to produce wheat using the Agricultural 
Production Systems sIMulator (APSIM) model with the meteorological location Mullewa.  
ASPIM is a water-by-nitrogen model with the impact of soil subconstraints achieved by 
adjusting the root hospitality factor (XF) or the crop lower limit (CLL). The model is 
particularly sensitive to the soil’s PAWC. Soils with low PAWC will be low yielding due to the 
leakage of water below the root zone and the leaching of soil nitrate (Asseng et al. 2001). 
Subsoil constraints such as compaction and soil acidity lead to a reduction in root growth 
which limits the ability of crops to access water and nutrients (Farre pers.comm.).  
The aim of this study was to examine the ability of the APSIM model to predict long-term 
wheat production on poor performing soil identified within the North Eastern Agricultural 
region (NEAR). 
Material and methods 
The validated crop simulation model APSIM-Wheat (version 7.0) (Keating et al., 2003) was 
used to analyse the impact of soil constraints of varying severity on yield on 11 soil types 
(PS1–PS11). Long-term simulations for the period 1907–2008 were run at one location, 
Mullewa, in the low rainfall zone (mean April to October rain 270 mm). The sowing rule used 
was to start sowing on the 15 May and finish sowing on the 10 June provided there was 
greater than 10 mm of rainfall. 
Eleven soils were selected from near Ajana (PS1–PS7) and Mullewa (PS8–PS11). There 
was a 1:1 correlation between predicted wheat grain yields for the two locations. Hence, the 
impact of soil properties on predicted wheat grain yields was studied using the Mullewa 
meteorologic station. These soils have been identified by the farmers as been consistently 
low wheat yielding soils due to a number of soil constraints. A summary of the 11 soil 
properties in terms of PAWC (mm), soil depth (cm), presence of a subsoil acidity layer (0.01 
MCaCl2 extractable Al (mg Al/kg soil)), capacity to supply soil N (kg N/ha) and presence of a 
subsoil gravel layer is presented in Table F.1.  
APSIM was run for two situations. First: unconstrained wheat production where wheat 
production was determined by the environmental conditions and soil PAWC of the soil. 
Unconstrained production predictions were obtained by setting the root hospitality factor (XF) 
to 1.0. Soil profile water and N status was reset on 1 January for each year. Soil water was 
reset to the crop lower limit while soil N status was reset to 50 kg N/ha consisting of 90% in 
the form of nitrate concentrated in the surface soil layers. Seeding N rate was set at 50 kg 
/ha with post-seeding N applied on 1 July at a rate of 50 kg N/ha. 
Second: constrained soils obtained:   
 Soils (PS3, PS7 and PS10) with low PAWC  
 Soils (PS1, PS2, PS4 and PS11) with low capacity to supply soil N. This was 
achieved by setting initial soil profile N supply to 50 kg N/ha, 30 kg N/ha and 15 kg 
N/ha 
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 Soil (PS5) with subsoil gravel layer. This was achieved by adjusting the root 
hospitality factor (XF) to unconstrained XF = 1.0, moderately constrained XF = 0.25, 
severely constrained XF = 0.1 and extremely constrained XF = 0.01 in 30–50 cm soil 
layer due to subsoil compacted gravel layer 
 Soil (PS6) with subsoil acidity in soil horizon 15–50 cm. This was achieved by 
adjusting the root hospitality factor (XF) to unconstrained XF = 1.0, moderately 
constrained XF = 0.25, severely constrained XF = 0.1 and extremely constrained XF 
= 0.01 in the 15–50 cm soil layer. 
 Soil (PS8 and PS9) with subsoil acidity in soil horizon below 10 cm. This was 
achieved by adjusting the root hospitality factor (XF) to unconstrained XF = 1.0, 
moderately constrained XF = 0.25, severely constrained XF = 0.1 and extremely 
constrained XF = 0.01 in the soil layers below 10 cm. 
Table F.1 Summary of properties for the 11 soils  
Soil profile 
no. 
Soil Type 
PAWC 
(mm) 
Soil depth 
(cm) 
Acidic soil 
layer 
Soil N 
supply 
Subsoil 
gravel layer 
PS1 Coarse sand 26 140 N Y N 
PS2 Coarse sand 33 80 N Y N 
PS3 Shallow sand over gravel 9 30 N N N 
PS4 Coarse sand 64 140 N Y N 
PS5 Sand over gravel 37 70 N N Y 
PS6 Loamy sand 104 150 15–50 cm N N 
PS7 Rocky soil 6 35 N N N 
PS8 Acidic loamy sand 116 150 > 10 cm N N 
PS9 Acidic loamy sand 43 100 > 10 cm N N 
PS10 Shallow loamy sand 14 25 10–30 cm N N 
PS11 Shallow sandy loam 35 35 N N N 
In running APSIM it was noted that there were seven years which resulted in relatively small 
yields independent of soil type or soil constraint. These years were for 1918, 1921, 1927, 
1953, 1963, 1984 and 1999 and where characterised by relatively high rainfall (170–350 mm) 
over the months of April to June. It was noted that additional seeding and post-seeding N 
fertiliser did not increase predicted wheat grain yields.  
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Table F.2 Soil properties particle size analysis (sand, silt and clay), bulk density, 0.01 M CaCl2 
extractable Al (mg Al/kg soil), electrical conductivity (mS/m) and soil pH measured using 0.01 
M CaCl2 
Field 
site no
Horizon Texture bulk 
density
Coarse 
fragments 
%
Sand 
(%)
Silt 
(%)
Clay 
(%)
Al 
(mg/kg)
EC 
(mS/m)
pH 
(CaCl2)
PS1 0-20 coarse sand 1.6 98 1 2 <1 3 5.4
PS1 20-50 sand 1.7 99 1 1 <1 <1 4.8
PS1 50-90 sand 1.7 98 1 1 <1 2 4.9
PS1 90-130+ loamy sand 1.7 98 1 2 <1 <1 5.4
PS2 0-15 sand 1.6 99 <0.5 1 <1 5 5.5
PS2 15-45 sand 1.7 2 98 1 1 <1 <1 4.4
PS2 45-70 sand 1.7 2 98 1 1 2 1 4.3
PS2 70-85 sand 1.8 97 1 2 3 1 4.4
PS3 0-10 sand 1.6 98 1 1 <1 4 5.5
PS3 10-30 gravelly sand 1.8 50 98 1 1 <1 1 4.5
PS4 0-10 sand 1.6 97 2 2 5 6
PS4 10-40 sand 1.7 98 1 2 1 5.8
PS4 40-80 sand 1.7 97 1 3 1 6.1
PS4 80-120 sand 1.7 94 1 6 1 7.4
PS4 120-130+ sand 1.8 90 1 10 1 6.4
PS5 0-15 sand 1.7 96 2 2 <1 130 5.4
PS5 15-30 sand 1.8 10 96 2 3 <1 15 4.6
PS5 30-50 gravelly sand 2.0 60 96 1 4 <1 13 4.7
PS5 50-75 clay 1.8 10 72 3 25 <1 26 4.6
PS6 0-15 loamy sand 1.6 96 1 4 3 5 4.2
PS6 15-50 loamy sand 1.8 93 1 7 9 2 3.9
PS6 50-90 loamy sand 1.7 93 1 7 <1 2 4.6
PS6 90-130 loamy sand 1.7 92 1 7 <1 1 5.3
PS6 130-150+ loamy sand 1.8 92 1 7 1 5.5
PS7 0-5 cobbles ND 30 97 1 3 11 6.4
PS7 5-40 cobbles ND 70 94 2 5 <1 3 4.4
PS8 0-10 loamy sand 1.6 92 1 7 22 2 3.9
PS8 10-50 loamy sand 1.7 86 2 13 33 4 3.8
PS8 50-90 loamy sand 1.8 86 2 13 32 3 3.9
PS8 90-130 loamy sand 1.6 2 86 2 13 30 4 3.9
PS8 130-150+ loamy sand 1.7 86 2 13 27 3 3.8
PS9 0-10 loamy sand 1.8 10 92 1 8 7 4 4
PS9 10-35 loamy sand 1.7 10 86 2 13 31 5 3.8
PS9 35-50 sandy gravel 1.8 30 84 3 14 34 5 3.8
PS9 50-110 gravelly sand 2.0 70 84 3 14 30 4 3.9
PS10 0-10 loamy sand 1.7 15 92 2 7 2 3 4.3
PS10 10-30 loamy sand 1.8 20 87 2 12 30 4 3.9
PS11 0-10 sandy loam 1.8 20 80 5 16 12 5.9
PS11 10-40 sandy loam 1.6 20 65 4 32 <1 20 4.7
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Shallow soils 
Water properties 
Soils PS3, PS7 and PS10 were classified as shallow soils or soils with low PAWC. The crop 
lower limit (CLL) and drainage upper limit (DUL) for each soil profile is presented in Figure 
F.1. PAWC for PS3, which is a shallow sand over gravel, was 9 mm. PAWC for PS7, which is 
a rocky soil, was 6 mm. PAWC for PS10, which is a shallow loamy sand, was 14 mm. 
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Figure F.1 Soils (a) PS3, (b) PS7 and (c) PS10 crop lower limit (CLL) and drainage upper limit 
(DUL) 
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Predicted yields 
APSIM was run over the 100-year period (1908–2008) with soil N set to 50 kg N/ha, and 50 
kg N/ha was applied at sowing. Wheat grain yield predictions were compared to yield 
obtained when an additional post-seeding N (50 kg N/ha) application was made (Figure F.2). 
Even under this high N supply, the potential wheat grain yield for soils PS3 and PS7 was less 
than 500 kg. For soil PS10, 60% of the year’s wheat grain yield was predicted to be less than 
500 kg /ha with only 13% of the years having predicted yields of greater than 750 kg/ha. 
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Figure F.2 Soils (a) PS3, (b) PS7 and (c) PS10 APSIM predicted wheat grain yields for nil (○) and 
plus (●) post seeding N treatments run over the years 1908–2008 
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Soils with sub surface constraints 
Water properties 
Soil PS5 was classified as a soil with subsoil constraint due to a gravel layer in the 30–50 cm 
soil layer. Soils PS6, PS8 and PS9 were classified as soils with subsoil acidity which gives 
the soils having low PAWC due to limited root growth into the sub soil. The CLL without a 
subsoil constraint and DUL for each soil profile is presented in Figure F.3. Unconstrained 
PAWC for PS5, which is a sand over gravel, was 37 mm. Unconstrained PAWC for PS6, 
which is a loamy sand, was 104 mm. Unconstrained PAWC for PS8, which is a loamy sand, 
was 116 mm. Unconstrained PAWC for PS9, which is a shallow loamy sand over gravel, was 
43 mm. 
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Figure F.3 Soils (a) PS5, (b) PS6, (c) PS8 and (d) PS9 crop lower limit (CLL) and drainage upper 
limit (DUL) 
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Predicted yields 
APSIM was run over the 100-year period (1908–2008) with soil N set to 50 kg N/ha and 50 
kg N/ha was applied at sowing and post-seeding N (Figure F.4). When APSIM was run for 
the soil with no subsoil constrains, maximum potential wheat grain yield was in the order 
3800 kg/ha for loamy sands (PS6 and PS8). This was greater than the maximum potential 
wheat grain yield observed for sand over gravel (PS5 and PS9). This is a reflection of the 
greater PAWC of the loamy sands (104–116 mm) compared to the sand over gravel (37–43 
mm). These yields are greater than the yields observed by the farmer. For APSIM to achieve 
these farmer yields required the root hospitality factor (XF) to be set to a value of 0.01. This 
was required both for the soils with subsoil acidic problems (PS6 and PS8) and for soils with 
a subsoil gravel layer (PS5 and PS9).  
The root hospitality factor determines the ability of roots to grow into the subsoil. This 
determines the ability of the plant to extract water and nutrients. An alternative approach 
adjusting XF is to measure crop lower limit for wheat. These measurements are obtained by 
conducting ponding experiments and measuring soil water content at the end of the growing 
season. In theory, if the soil constraint is severe enough, no roots will grow into the soil layer 
and CLL will equal DUL as presented in Figure F.3. In this situation, XF will equal 0.0 in 
these soil layers. Currently, CLL has not been measured for the various soil types presented 
in this report. Nevertheless, running APSIM with CLL equal to DUL for the subsoil layer 
resulted in only a small reduction in wheat grain yield compared to when APSIM was run with 
XF set to 0.01 (data not presented). 
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Figure F.4 Soils (a) PS5, (b) PS6, (c) PS8 and (d) PS9 APSIM predicted wheat grain yields for 
when XF = 1.0 (●) and XF = 0.01 (○) run over the years 1908–2008 
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Soils with low capacity to retain N 
Water properties 
Soil PS1, PS2, PS4 and PS11 were classified as soils with a low ability to retain soil N. The 
CLL without a subsoil constraint and DUL for each soil profile is presented in Figure F.5. 
PS1, PS2 and PS4 were all classified as deep sands. The PAWC for PS1 was 26 mm, for 
PS2 it was 33 mm, and for PS4 it was 64 mm. PS11 was classified as a shallow loamy sand 
with a PAWC of 35 mm. 
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Figure F.5 Soils (a) PS1, (b) PS2, (c) PS4 and (d) PS11 crop lower limit (CLL) and drainage upper 
limit (DUL) 
Predicted yields 
APSIM was run over the 100-year period (1908–2008) with soil N set to 50 kg N/ha, and 50 
kg N/ha was applied at sowing and post-seeding N (Figure F.6). When APSIM was run for 
the soil with this high soil N status and fertiliser input, the maximum potential wheat grain 
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yield was in the order of 2000–2500 kg/ha for PS2, PS4 and PS11. This was greater than the 
maximum potential wheat grain yield observed for PS1 (1000–1500 kg/ha). This is a 
reflection of the greater PAWC of PS2, PS4 and PS11 (33–64 mm) compared to PS1 (26 
mm). These yields are greater than the yields observed by the farmer. For APSIM to achieve 
these farmer yields required soil N to be set in the order of 30 kg N/ha. 
Soil N profile status at the start of the growing season is determined by a number of factors. 
These include: (1) soil carbon status (%); (2) the occurrence of summer rainfall; (3) plant 
biomass production in previous years; (4) rotation history; and (5) the tillage system. The Soil 
Management Calculator (SMCAL) combines these factors to calculate soil N supply. SMCAL 
calculates soil N profile at the start of the growing season to range between 2 kg N/ha and 23 
kg N/ha given the following conditions: 
 In the absence of a legume in the previous four years 
 under a no-till cropping system (stubble retention) 
 in the presence of a summer rainfall event. 
The highest soil N profile status was calculated for PS4 which had the highest soil carbon 
status of 1.3%. If lupins were grown in the previous year, with other factors the same, these 
values increase to 18–40 kg N/ha. Hence, a value of 30 kg N/ha would represent a situation 
where lupins were grown in the previous year, while a value of 15 kg N/ha would represent a 
situation where a non-legume (wheat) was grown in the previous year. 
                                                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 138 
(a) PS1
0
1000
2000
3000
4000
Plus N 
Soil N = 30 kg N/ha 
(b) PS2
(c) PS4
Annual Rainfall (mm)
0 200 400 600
W
h
e
a
t 
g
ra
in
 y
ie
ld
 (
k
g
/h
a
)
0
1000
2000
3000
4000
(b) PS11
0 200 400 600
 
Figure F.6 Soils (a) PS1, (b) PS2, (c) PS4 and (d) PS11 APSIM predicted wheat grain yields 
when initial soil N was set at 50 kg N/ha with 50 kg N/ha applied at seeding and post-seeding 
(●) compared when initial soil N was set at 30 kg N/ha (○) run over the years 1908–2008 
                                                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 139 
Conclusions  
APSIM consistently predicted low potential wheat grain yields for soils (PS3, PS7 and PS10) 
with a PAWC of less than 10 mm. 
When PAWC was greater than 26 mm, additional soil constraints were required to be 
included for APSIM to predict wheat grain yields that are consistent with farmer observations. 
Soils (PS1, PS2, PS4 and PS11) were identified as having a low capacity to supply soil N. A 
reduction in the initial soil profile N supply to 30 kg N/ha resulted in APSIM predicting wheat 
grain yields consistent with farmer observations. 
Soil (PS5) was identified as having a subsoil gravel layer between the soil layers 30–50 cm. 
APSIM was able to predict wheat grain yields consistent with farmer observations by 
adjusting the root hospitality factor (XF) to a value of 0.01. 
Soil (PS6) was identified as having subsoil acidity in soil horizon 15–50 cm. APSIM was able 
to predict wheat grain yields consistent with farmer observations by adjusting the root 
hospitality factor (XF) to 0.01 in the 15–50 cm soil layer. 
Soils (PS8 and PS9) were identified as having subsoil acidity in soil horizon below 10 cm. 
APSIM was able to predict wheat grain yields consistent with farmer observations by 
adjusting the root hospitality factor (XF) to 0.01 in the soil layers below 10 cm. 
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Appendix G:  Winter rainfall decline in the NEAR 
DAFWA analysed Bureau of Meteorology rainfall statistics for winter rainfall trends in the 
NEAR over the past 100 years or so (Australian Government Bureau of Meteorology 2010). 
Analysis was confined to data from May through to September in order to look at frontal 
rainfall rather than rain generated from troughs of low pressure, which are more active 
outside this window.  The data illustrates the decline seen in other areas of south-western 
Australia. This may be due to the trend of cold fronts contracting to the south as the world’s 
tropical zones expand (Hu & Fu 2007, Seidel and Randel 2007, Seidel et al. 2009, Johanson 
et al. 2009)  
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Figure G1 Graph showing growing season rainfall trends at Ogilvie 
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Figure G2 Graph showing growing season rainfall trends at Yuna 
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Figure G3 Graph showing growing season rainfall trends at Mullewa 
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Figure G4 Graph showing growing season rainfall trends at Canna 
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Figure G5 Graph showing growing season rainfall trends at Bowgada 
 
                                                                              CHANGING LAND USE ON UNPRODUCTIVE SOILS 
 143 
References 
Australian Government Bureau of Meteorology. www.bom.gov.au. Accessed 2010 
Hu, Y & Fu, Q 2007, ‘Observed poleward expansion of the Hadley circulation since 1979’, 
Atmos. Chem. Phys. 7, 5229–36. 
Johanson, Celeste M & Qiang Fu 2009, ‘Hadley cell widening: model simulations versus 
observations, J. Climate, 22, 2713–25.  
Seidel, DJ, Fu, Q, Randel, WJ & Reichler, TJ 2008, ‘Widening of the tropical belt in a 
changing climate’, Nature Geoscience 1: 21–24. 
Seidel, DJ & Randel, WJ 2007, ‘Recent widening of the tropical belt: evidence from 
tropopause observations, Journal of Geophysical Research, 112, D20113.  
